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We're referring to your specification of a Traboii 
lubrication system, which absolutely guarantees that measuring-cup accuracy because the operation of each 
the right amount of oil or grease will be delivered to feeder depends on the previous feeder having op- 
vital bearings, at the right time and in the right place. erated first. 
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SOLVES 
YOUR 

BEARING “~~ 
SITUATION 


What used to be done by hand 
is now done automatically. 















Our patented progressive feeder system assures this 


TRABON REVERSIBLE SYSTEM 

This system is simply a lubricating pump and a series of reversing feeders, connected 
with a single !ine of pipe or tubing, forming a continuous sealed circuit running from 
the pump, around the machine and back to the pump. As the lubricant oil or grease 
travels, it operates the metering piston of the first feeder in the line, which discharges 
an exact volume of lubricant to the bearing connected to that outlet. The operation of 
this piston exposes a port in the feeder, thus permitting the lubricant to flow on through 
the circuit to the next feeder in line, where the operation is repeated. When the last 
feeder has discharged its lubricant, the main flow travels back to the pump where it 
operates an indicator stem, thereby giving visible proof that the circuit has been 
completed. 


TRABON MANIFOLD SYSTEM 

The Trabon Manifold Systems are single line combinations of feeders or measuring 
valves, with no external moving parts and no soft packings, which accurately pro- 
portion the volume of lubricant discharged by a pump (either manually or auto- 
matically) to the bearings of a machine. The feeder sections are manifolded into 
distributor assemblies to serve groups of bearings. One assembly, the first one from 
the pump, often serves as a master block, feeding secondary assemblies, which in 
turn discharge the correct volume to each connected bearing. The “M” and “MX” 
feeders are the same type, the “MX” being the larger. 


Get your bearings on a Traboa system. 
Trabon Automatic Lubrication Fits Any Bearing Situation 
Bulletin 529 will give you more details. 
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Principal Industrial Centers 


ist 104s, 


o 
EASY 


machining... 


MORE THAN a 


“COOLANT” 
IS NEEDED 


LITERALLY thousands of 
plants will testify that Stuart 
cutting fluids have been their 
only answer on really tough 
machining jobs. The research 
and experience that makes 
Stuart a leader on the tough 
jobs pays real dividends on the 


“easy jobs. Stuart knows that 


more than a“‘coolant’ is needed 
—that cooling, lubricity and 
anti-weld characteristics must 
be combined in a cutting fluid 
if optimum finish, tool life and 
production are to be secured. 

This doesn’t mean that you 
must have a different cutting 
fluid for every job, but it does 
mean you need a cutting fluid 
that is right for the job. 


Send for NEW BOOKLET “MORE THAN 
A COOLANT IS NEEDED” and ask a 
Stuart representative to show you how 
the planned application of Stuart cut- 
ting fluids will give you more output, 
longer tool life, better finish and 
lower cost. 


Offices in 


A, Stuart OW co 





>) 


CO. 





2729-53, Troy St. Recs 23, i. 2 
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“Dag” Colloidal Graphite... 
for Hot-Working Operations 


At 500° F., and virtually as far up as you ever go in metalworking operations, 
“dag” colloidal graphite is a lubricant that does not gum up... that defies 
break-down. For brass, bronze, aluminum, magnesium, carbon steel and stainless 
steel . . . wherever your fabrication problems are friction and heat .. . this 
unusual lubricant reduces one and resists the other. 


“Dag” colloidal graphite is available in dispersions designed to lubricate under all 
conditions of deep piercing, forging, stretch-forming, wire-drawing and ingot strip- 
ping ... to assist in the parting of castings ... to lubricate permanently parts that may 

be subject to extremely high temperatures . . . to be used in degreasing solutions which 
destroy ordinary lubricants. 


When a “dag” dispersion is applied to the friction surfaces of metal it leaves a strong, 
durable graphoid film so thin that even the most sensitive gages cannot detect it. This 
lubricating film provides the metal with a surface that has an extremely low coefficient 
of friction ...a lubricant that resists oxidation and functions far above the burning 
point of conventional petroleum lubricants. 


For more information on the “Use of Colloidal Graphite for Metalworking Opera- 
tions,” write for Bulletin No. 426-12M. 


Ga Acheson Colloids Company, port sures, wie. 


g ... also ACHESON COLLOIDS LIMITED, LONDON, ENGLAND 


Units of Acheson Industries, Inc. 








Whats Your Problem 7 


oil or coolant filtration and handling? 


filtering systems for jet or piston-engine test cells? 


chip, abrasive or other waste removal? 


eo. 
HONAN-CRANE 


DEG SYSTEMS raw materials handling? 
and fA 


F vcsicnt 
COUSTRUCTED oak otk 
WSTALLED cant qeavine ments 


Honan-Crane has the 


8 


mete Kight Solution 


nd Handling Equipment 
eerie These two folders tell how dependable Honan-Crane 
Cae me Hil aad Conia : q H 

ae blarifiers - Conveyors equipment solves your filtration and handling 

gn ane Chip Nanciing-Eewspmen problems and pays for itself out of savings; they give 

’ te full information about Honan-Crane Engineering 
emginecr ed sm cg ten, a ‘ : aan ae ‘ 

specifically 1° mmateien Service and production facilities for special installations. 


cur COSTS © Dues Cotestier 
aweneaSe PRODUCTION 2 8s came Get your copies NOW! 
WmPROVE EFFICIENCY a 
im off type? ‘ iS gyeiee Dee 
ant operations Fg nee 
of plant ope 4 — 


PLEASE SEND ME FREE FOLDERS DESCRIBED ABOVE. 


All Honan-Crane Equipment is Sold 
on Performance-Guaranteed Basis 





See Honan-Crane 
Equipment in operation ! 
at the PLANT 
MAINTENANCE 
SHOW 
Cleveland, Ohio 
Jan.19-20-21 -22—Booth1 239 


Honan-Crane Corp., 818 Wabash Ave., Lebanon, Indiana 
A subsidiery of Houdaille-Hershey Corp. 


IN CANADA: E, W. Playford, Ltd., Montreal 28; W. E. Micklethwaite, Toronto 18; 
Cummings Galbraith, Ltd., Edmonton, Alta. 
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“Tycol Anepro carries heaviest loads... 








Indeed it does! Tycol Anepro Greases measure up to 
severest shock-load conditions encountered in the rolling of 
steel. They protect bearings from moisture, heat, and abrasive 
impurities. Anepro’s exceptionally high film strength | wo 
and non-corrosive properties result in far longer bearing life... 
faster rates of production ... minimum down-time NE, 
for heavy-duty equipment. Boston * Charlotte, N. C. + Pittsburgh 


Philadelphia * Chicago « Detroit 
Tulsa © Cleveland « San Francisco 


TIDE WATER 
a= associateD 
, _ OIL COMPANY 


17 BATTERY PLACE - NEW YORK 4, N.Y. 


Call or write today for complete information from 


your nearest Tide Water Associated office. 


SEND FOR A FREE COPY OF ‘TIDE WATER ASSOCIATED LUBRICANIA”’ 
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Major Tin Plate Producer 
Steps Up Production 15% 
Using PALMOSHIELD 


Sets production records using domestic 
Palmoshield in place of imported palm oil 


After tests covering a number of years, a leading steel 
company adopted Palmoshield as a replacement for palm 
oil in cold rolling operations. Recently over a run of 20 
consecutive shifts, production was stepped up 15% over 
the average output with imported oil. This increase was 
made with no additional investment, no increase in labor 
force, no extra machines and no changes in mill operation. 
Yet 115 tons of steel were rolled for every 100 before. 


Two Mill-Tested Benefits 


Actual mill experience in dozens of plants has proven 
these advantages of Palmoshield: 


To Purchasing Agents. The price of Palmoshield is not 
artificially controlled. It rises and falls freely with the 
domestic fat market. Within the past year users have 
received several voluntary price cuts. 


To Operators. Mill experience indicates that the use of 
Palmoshield improves production. 


Palmoshield requires absolutely no changes in rolling 
mill operation. 


Palmoshield makes steel quicker to gauge and shape. 


Water break tests show that Palmoshield washes grease- 
free under conventional cleaning operations. 





Production up 15% 














Quick Acceptance by steel producers 

Nearly two-thirds of the major tin plate mills in this 
country and Canada are now using Palmoshield either in 
regular mill operations or for on-the-job-test runs. One 
company using Palmoshield for the first time was only 
10 tons shy of the daily record. Another broke the single- 
shift record. And still another broke both 8-hour and 24- 


hour records. 


4 Advantages of Palmoshield 


Palmoshield is produced in the heart of the steel industry. 
Users are not dependent on overseas shipment. 


Palmoshield is made from domestic materials freely 
available in sufficient quantities to supply all American 
steel production. 


Palmoshield need not be stockpiled by the user, yet it 
does not deteriorate in storage. 


Palmoshield is subject to exact chemical control. Free 
fatty acid content can be controlled to within 14%. 


Can Palmoshield step up your production? 


On request an Ironsides representative will give you 
facts on Palmoshield to help you set up a test program in 
your mill. 


Palmoshield is available for same-day shipment in 55- 
gallon drums and tank car lots. For full information 
write The Ironsides Company, 270 West Mound Street, 
Columbus, Ohio. 


SPECIAL LUBRICANTS and PRESERVATIVES 


IRONSIDES .::::;: PALMOSHIELD 
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Air-Borne ‘Friction Fighter’ 
Alemite 


OIL MIST 


Lubrication 


als 
(4 > 















extends bearing life as much 
as /7% times! 
cuts oil consumption up to 90% 
boosted production 577% at one plant! 








Here from Alemite—world leader in lubrication—is lubri- 
cation progress so major—so far reaching—as to command the interest of Check All These 
every executive concerned with industrial lubrication practices and costs. OIL-MIST Advantages! 
Alemite Oil-Mist! The most efficient, continuous, fully automatic system + Rete Senay meypenetaets 


‘ . ‘ . as much as 20%. 
in the field of machinery lubrication. weil iad neiindtin 


Alemite Oil-Mist! The system that: atomizes oil into mist—distributes it of all bearings. 
through tubing to bearings—bathes all bearing surfaces with fresh, clean, © Air pressure seals bearings against dirt. 
cool oil film. A system that simplifies and materially cuts the cost of ma- 
chinery lubrication. And the lubricator unit has no moving parts. 


@ Reduces oil consumption—up to 90%. 
@ Prevents product spoilage. 


® Eliminates guesswork — each bearing 
Oil-Mist uniformly maintains oil film on plain and anti-friction bearings, picks up as much Oil-Mist as it needs. 


gears and chains regardless of variations in load, temperature or speed. © Reduces starting and running torque. 


Eliminates the “human element.” 
WOW! 






ALEMITE OIL-MIST se _ Reports Like These Ger the Facts 
Lubricates All Types of Mechanisms Prove Oil-Mist Results! 
: Before Oil-Mist: 32 Leather Stitchers at an Alemite, Div. of Stewart-Warner, Dept. P-122 
eastern shoe manufacturing company 1850 Diversey Parkway, Chicago 14, Illinois 
were turning out 80 dozen pair of field 
boots per day. Pinion gears and other 
‘ working parts demanded constant oiling ee FREE 
'y of 
Anti-Friction -.. constant attention. iad ‘our an and caanplote Ob-iiiet Catalog. 


a ° Please have your Alemite Lubrication Representa- 
After Oil-Mist: The same 32 machines and Cl ive arrange a desk-top demonstration of Oil-Mist. 
’ operators are now turning out 120 dozen This entails no cost or obligation on my part. 





pair a day—a production increase of 50%! 
And vital machine parts are well oiled MyNews 


always — automatically — with Oil- Mist. Title 


Gear Cases A PRODUCT OF 


Alemite OIL-MIST Lubrication B= 















PLAN NOW ‘fo attend the 





April 13-14-15 


PROGRAM PLANS for the 8th Annual Meeting and Exhibit of the American Society of Lubri- 
cation Engineers to be held on April 13, 14, and 15, 1953, at the Hotel Statler, Boston, 
include three symposiums, a round table forum, and thirty-four technical papers. A portion 


of this program includes the following: 


Symposia: DIAGNOSING BALL AND ROLLER BEARING TROUBLES BY VISUAL INSPECTION 
DIAGNOSING SLEEVE BEARING TROUBLES BY VISUAL INSPECTION 


Forum: ASPECTS OF HYDRAULIC MACHINERY AND EQUIPMENT (with audience par- 
ticipation) 

Papers: DESIGN AND SERVICE REQUIREMENTS DICTATE THE CHARACTERS OF OIL AD- 
DITIVES, by E. C. Knowles & G. R. Furman, The Texas Co. 


PROPERTIES OF LUBRICANTS THAT ARE DESIRABLE FOR USE WITH VARIOUS 
TYPES OF BEARING METALS 


VISCOSITY STUDIES OF FLUID LUBRICATION AT HIGH PRESSURES, by Dr. L. B. 
Sargent, Jr., Aluminum Research Laboratory 


AIR BEARING STUDIES AT NORMAL AND ELEVATED TEMPERATURES, by J. D. 
Pigott & E. F. Macks, N.A.C.A. 


DEVELOPMENT OF SIGNIFICANT BENCH TESTS FOR AIRCRAFT TURBINE OILS, 
by A. E. Ryder, Pratt & Whitney 


LUBRICATION IN THE DESIGN AND OPERATION OF TEXTILE MACHINERY, by 
R. M. Jones, Saco-Lowell Shops 
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SEASON'S GREETINGS: The Officers and Directors of The 
American Society of Lubrication Engineers, as well as the 
Staff of LUBRICATION ENGINEERING, take this opportunity 
to wish you all a Merry Christmas and a happy and pros- 
perous '53. 





SYMPOSIUM HI-LITES: Two hundred and fifty-seven persons 
attended the First National Symposium on the Fundamentals 
of Friction and Lubrication in Engineering (the Victor A. Ryan 
Memorial Symposium) held in Chicago on September 8 & 9, 
1952. Dr. M. E. Merchant, The Cincinnati Milling Machine Co., 
ASLE President, is shown above presenting the welcoming 
address. Also pictured are three of the speakers (from left 
to right): Prof. D. D. Fuller, Columbia University; Dr. A. 
Bondi, Shell Development Co.; and J. Boyd, Westinghouse 
Electric Co. A proceedings of the meeting will be made 
available, the time and price to be announced later. 


SYMPOSIUM ON BEARING FATIGUE: Bearing failure is a 
problem that has confronted engineers ever since the incep- 
tion of the first reciprocating engines. In the early days, 
fatigue was usually combatted by the simple experiment 
of making bearings large enough so that the unit loading 
would be low. With the development of the internal com- 
bustion engine came the necessity of raising bearing loads 
and at the same time reducing bearing size. This require- 
ment called for drastic changes in both design and materials. 
With the passage of time, continued improvements along 
these two lines have resulted in performance, which by 
former standards, are truly remarkable. In the Symposium 
On Bearing Fatigue in this issue, which was sponsored by 
the Technical Committee on Bearings and Bearing Lubrication, 
the authors present various aspects of the current thought on 
the fatigue problem. Both Mr. Etchells and Mr. Palsuich dis- 
cuss the matter of design and materials. The influence of the 
lubricant is considered by Messrs. Carmichael and Purdy. 
J. Boyd 


PLANT MAINTENANCE CONFERENCE PREVIEW: Sixty-six 
sessions on maintenance problems of the automotive, 
chemical, electrical manufacturing, food processing and 
packaging, foundry, paper mills and paper products, pe- 


LUBRICATION ENGINEERING, DECEMBER, 1952 


troleum refining, printing and binding, rubber goods, steel 
mills and fabricating plants, and textile industries have been 
scheduled for the Plant Maintenance Conference to be held 
at the Public Auditorium, Cleveland, January 19 through 22, 
1953, in the form of three panels, sixteen sectional con- 
ferences, forty-two roundtables, and four plant tours. Plant 
engineering problems will be discussed in separate groups, 
divided according to the number of maintenance employees 
engaged in the work. Panel discussions, involving top man- 
agement policy, will include: Planning and Scheduling Main- 
tenance Work, Maintenance Costs and Budgets, Training 
Maintenance Workers and Supervisors, Work Standards and 
Measurements, and Growing Pains of the Engineering-Main- 
tenance Organization. Other topics to which conferences 
will be devoted include organization, operating policies, 
preventive maintenance, building maintenance, mechanical 
equipment, electrical equipment, power plant equipment and 
prevention and control of corrosion. Advance registration 
cards and hotel information may be obtained from Clapp 
& Poliak, Inc., 341 Madison Ave., N. Y. 17, N. Y. 






oo — 


M.1.T. LUBRICATION ENGINEERNG COURSE HI-LITES: 
Forty-seven students attended the Lubrication Engineering 
Course at the Massachusetts Institute of Technology in Cam- 
bridge, June 23 to July 3, 1952. Lecturers included: B. G. 
Rightmire, M.I.T.; A. F. Underwood, Research Laboratories 
Div., G.M.C.; E. R. Booser, General Electric Co.; E. Rabino- 
wicz, M.I.T.; I-Ming Feng, M.1.T.; D. T. Wilcock, General 
Electric Co.; A. Bondi, Shell Development Co.; W. H. Millet, 
Carbide & Carbon Chemicals Co.; C. C. Currie, Dow Corning 
Corp.; D. M. Cleaveland, Bendix Aviation Corp.; W. E. 
Campbell, Bell Telephone Laboratories; M. C. Shaw, M.I.T.; 
A. R. Jones, Fafnir Bearing Co.; J. H. Fuller, E. |. du Pont de 
Nemours & Co.; R. J. Torrens, Eastman Kodak Co. The Class 
Roster (from left to right): 1st row: H. F. Szepan, C. D. Gil- 
more, R. E. Prendergast, K. Campbell, J. S. Acterman, J. A. 
Calleo, E. Y. Soomil, F. Heymann, E. Rabinowicz, D. L. Sheller; 
2nd row: A. B. Jones, E. R. Keast, N. J. Ireland, J. R. Hicks, 
M. Z. Fainman, R. L. Brady, W. W. Holt, V. L. Adams, L. B. 
Ward, G. H. Vorhoff, T. F. Hand; B. T. Schleicher, S. L. Stal- 
son, A. Bondi; 3rd row: M. O. Dion, T. W. Havely, L. W. 
Weber, J. A. Travis, G. C. Ambler, J. J. O'Donnell, E. 
Holodnik, H. H. Rowand, L. V. Collings, G. T. O'Brien, E. C. 
Helmke; 4th row: W. F. Dalheim, A Lewis, H. H. Christen, 
C. C. Raymond, H. R. Taylor, L. D. Krapf, W. H. Pfeiffer, 
S. H. Rice, A. Crankshaw, W. E. Campbell; 5th row: A. G. 
Almack, N. W. Gits, E. L. Anderson, J. N. Williams, B. G. 
Rightmire, W. P. Youngclaus Jr., R. E. Speers, and A. J. 
Romeril. 


VOLUME VI, Proceedings of the National Conference on 
Industrial Hydraulics, containing the twenty technical papers 
presented at the 8th Annual Meeting in Chicago, September 
4 & 5, is available at $4.50 per volume. A limited supply 
of Proceedings of former meetings is still available. For 

(Continued on page 306) 
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PLANNED LUBRICATION 
AS A PART OF 
PLANT MAINTENANCE* 


by T. R. Witt 
Tennessee Eastman Co. 
Div. of Eastman Kodak Co. 
Kingsport, Tennessee 














Mr. Witt has been in mechanical work since 1917. Employed by the 
Tennessee Eastman Co. in 1930, he has held the positions of Foreman, 
Genveral — Supervisor and the present position of Division 
Maint Engi of the yarn divisions. He is a member of ASLE, 
ASME, and “The Tennessee Society of Professional Engineers. 





ABSTRACT: There was a time when lubrication was left more or less to the 
“oiler."’ For the past several years lubrication has been made a special- 
ized field of maintenance and is now controlled from the purchase of the 
lubricant to the final application. The lubrication of the equipment is the 
responsibility of the division maintenance department and is performed 
by a group of lubrication men under the supervision of a lubrication 
foreman. This foreman is also responsible for preparing schedules, keeping 
all necessary records and training lubrication men. This is a more effective 
lubrication program and as a result lubrication costs have been sharply 
reduced. 


The maintenance of a modern industrial plant is big busi- 
ness and the lubrication of the equipment is by no means 
an insignificant part of that business. It is not necessary to 
belabor the importance of lubrication, because it is well 
known ihat machinery will not run very long without 
grease and oil. It must be assumed, therefore, that all of 
the machinery that is in operation is, in some manner, being 
lubricated. However, in many cases this vital part of plant 
maintenance probably does not receive the attention that 
is given to it by some plants and the lubrication program 
is, at best, an uncertain one. This lack of interest in 
lubrication can result only in the failure to take advantage 
of all of the improvements that have been made in lubri- 
cants within the past few years, as well as all of the 
valuable information that has been and continues to be 
published on the subject. 

To take advantage of the research and development 
which the manufacturers of lubricants and lubricant ap- 
pliances have put into their products requires an organi- 
zation composed of specialists in the various phases of 
lubrication. An organization of this kind, when properly 
established, is in a good position to supervise the lubri- 
cation program from the purchase of the lubricant to the 
final application and thereafter the schedules of relubri- 
cation. The mechanics of such a set-up will, of course, 
vary widely among industrial plants, and it is the purpose 
of this discussion only to outline briefly how the lubrication 
program has been improved, over a period of years, in one 
large plant. 

Several years ago our management set up an organiza- 
tion to investigate plant lubrication and to take required 
steps to do the best possible lubrication job. This organi- 
zation is composed of the maintenance engineers from the 
various divisions, with one member from each of the staff 
organizations of Purchasing, Stores, Industrial Laboratory, 


*Paper presented at 7th Annual Meeting, ASLE, Cleveland, April 7, 1952. 
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Materials Standards, and Engineering Departments and is 
known as the Lubrication Committee. 

The committee meetings were held once each month 
until most of the ground work was done, after which the 
meetings were scheduled quarterly. A great deal of bene- 
fit has been derived from these meetings by the exchange 
of information and experiences regarding lubrication 
problems all over the plant. Also, close liaison is main- 
tained with the lubrication people of other divisions of 
the Kodak Company. 

Some of the accomplishments of this group have been 
the standardization of lubricants; the development of 
lubricant specifications; laboratory tests to see that all 
lubricants meet specifications; distribution of information 
throughout the plant by meetings, conferences and publica- 
tion of a lubrication practice manual; approval of equip- 
ment design to provide for adequate lubrication; and 
many others. 

The first thing to be considered in reviewing such a 
program is the type and number of lubricants required to 
do the job adequately. Lubricating a plant with the fewest 
number of lubricants practicable greatly reduces the prob- 
lems of selection, purchasing, storage and application. In 
the beginning it was found that 57 types of greases and 
oils were carried in stock and considered necessary for 
the lubrication of the plant. After a thorough investigation 
and after much discussion, the number was reduce from 
57 to 12 standard types. The characteristics of the lubri- 
cants that are purchased on an annual contract basis are 
described in Table |. 

A specification is written for each lubricant that is 
carried in stock. The specifications describe the limits in 
viscosity, flash point, pour point, rust and oxidation addi- 
tives and other characteristics required, and also the lab- 
oratory methods to be used in checking these characteristics. 
All specifications are numbered and the vendors are re- 
quested to mark all containers with this number. It is also 
the stock number. The oils and greases are requisitioned and 
issued by this number, and it is used in all schedules and 
records that are made up and kept by the maintenance 
departments. No trade names are used. 

The Purchasing Department does not buy lubricants for 
general plant use except on a specification basis and with 
the approval of the lubrication committee. Laboratory tests 
are made and reported by the specification number to 
control the quality of the incoming lubricants. Each ship- 
ment must be approved by the laboratory before it is 
released for use in the plant. 

The Engineering Department representative on the com- 
mittee has the responsibility of seeing that all drawings 


LUBRICATION ENGINEERING, DECEMBER, 1952 








for new equipment are checked while in the design stage 
to ensure that lubrication is provided for in the design. 
This is preventive maintenance put into effect even though 
the machine is still on the drawing board. Machine de- 
signers are usually troubled by a good many problems, 
and effective lubrication might not be considered as it 
should be unless given this special attention. 


LOBRICATION SCHEDULE - TWISTING DEPARTMENT - BUILDINGS 59 and 70 MODEL *C* TWISTERS 





Machine Part in... ee... Re. Ee 

ead end gearing O%1 = = TEC 2007 Every week Plev's oil cam 711) of] cups end of} gears 

Silent chain O11 == TEC 2007 Every day Plev's ofl can 2 shots when machine is is operation 

Jack Grease - TEC 2027 Every 2 years Hand 3 shots 

feed comp. gears (Bull bearing) Grease ~ TEC 2027 Every 2 years fiand gun 3 shots 

Feed roll gears (Ball bearing) Grease - TEC 2027 Every 2 years Hand gum 3 shots 

Motion rail drive gears Oi, = = ‘TEC 2007 Brery week Plew's oil can A few drops on gears 

Foot end ofl roll gears Oil = TEC 2007 Bvery month = Plew's ofl can Keep reservoir to proper level 

Twist gear shaft ir O11 ~ TEC 2007 Bvery month = Plew's oil can Replenish vaste and fill reservoir 
gear chaft reservoir Ot = ‘TEC 2007 Brery veek Plew's of] can Replenish vaste and fill reservoir 

Cam gear reservoi: Oil = TEC 2007 Every month = Plew's oil can Keep reservoir nearly full 

Ring rail and Thread board lift rods Oil = TEC 2007 Every month = Plew's oil can ‘vo or three drope to each 

Pull ber pins and cams ~ TEC 2007 Bvery month = Plew's oil can ‘Two or three drops to each 

Ring rail and thread board lift rod foot rollers O11  - TEC 2007 Bvery 6 months Plew's oil can A few drops to each bearing 

Foot end tape drum bear: ~ THC 2028 Bvery 2 years Hand gun Spot check before adding grease 

H. E. and Intermediate ings ~ THC 2027 Bvery 2 years Mand gun Spot check before adding grease 

Cross shaft bearings (Open bearings) O11 == ‘TEC 2007 Brery 2 months Plev's ofl can tvo or three drops to each 

Cross shaft bearings (Plain bearings) - TEC 2007 Bvery 2 months Plew's cil can tvo or three drops to each 

Cam shaft bearings Oil = TEC 2007 Every month = Plew's ofl can Fill of! cups 

rol: Oil =~ TEC 2007 Every month © Plew's ofl can Pill oil cups 

Builder chain Oil =~ TEC 2007 Every month = Plew's oil can A few drops on chain 

Chain palley and carriage Oil = TEC 2007 Every month = Plew's ofl cam Fill of] cups and of] holes 

@uilder arm bear: Oil - TEC 2007 Every month = Plew's ofl can A few drops in ot] 

Yardage Counter gear felts O11 «= TEC 2007 Every 2 weeks Plew's oil cam ne or two drops on felts 

‘Tardage counters O1l - TEC 2002 Every month = Plev's ofl can One or tvo drops in 


Fig. 1 A sheet of the lubrication master schedule describing the depart- 
ment, location of the equipment by building, and the particular type of 
equipment. Machine parts are listed by name, the type of lubrication to 
be used, the frequency, and the method of application, with special 
instructions noted in the last column. 


The scheduling, application, and general administration 
of the lubrication of the equipment in the various divisions 
is conducted by the division maintenance departments. Al- 
though the other divisions have similar procedures, the 
following discussion applies mainly to the two divisions 
that manufacture cellulose acetate yarns. The equipment, 
which is both chemical and textile equipment, is in con- 
tinuous operation and consists essentially of conveyors, 
dissolvers, blenders, pumps of many types and sizes, filtra- 
tion equipment, spinning, twisting, and winding machinery. 

After a thorough investigation of the requirements of 
the job, it was decided that a maintenance foreman does 
not have the time, the interest, nor the necessary know- 
how to supervise the lubrication of the machinery in his 
area. The schedules cannot be set up and then forgotten, 
because there are many changes that have to be made as 
the program progresses. There are new lubricants to be 
evaluated and adopted changes in lubrication schedules to 
conform to machine alterations, new machinery to be sched- 
uled, lubrication men to be trained, etc. All this requires full 
time supervision and the supervisor must know something 
about the fundamentals of lubrication. Most maintenance 
foremen are not interested enough in lubrication to read 
anything about it nor to give much thought to it other than 
casual observation. 


Lubrication has been set up as a specialized field of 
maintenance, and we have organized a group of men, 
“lubrication men’, under the supervision of a “lubrication 
foreman”. This group has no responsibilities other than 
lubrication, from the cleanliness of the oil storage rooms to 
the final application. These men are carefully instructed 
in all phases of their work. They are given talks on the 
points of lubrication that we feel they are capable of 
understanding, which includes the simple mechanics of 
lubrication and the principles of the machines they lubri- 
cate. It is pointed out to them that they are in a good 
position to know of incipient failures and to help measure 
ihe effectiveness of the lubricants. They are instructed to 
report to the lubrication foreman any unusual conditions 
found in the machinery, or any part that for any reason 
cannot be lubricated properly. They are furnished all the 
necessary tools and equipment with individual lockers to 
keep them in, and they are required to see that they are in 
good condition. A group of lockers is shown in Fig. 4. 
Storage rooms have been conveniently located, and peri- 
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odic inspections are made to keep them clean and in order. 
The importance of keeping lubricants free of dirt and grit 
is repeatedly pointed out to the men. The emphasis put 
on lubrication, the attention and supervision the lubrication 
men have received, have created job interest and given 
them a feeling that their job is important and not one to 
be done haphazardly. The pay rate for this classification is 
between the mechanic second class and mechanic helper 
brackets. 


DRUMS 
ROUS 





Fig. 2. A portion of the lubrication schedule for a large installation of 
ball bearings using colored map tacks to indicate the date lubricated and 
the date to be checked. 


TWISTING DEPARTMENT LUBRICATION SCHEDULE - BUTLDINGS 59, 70 and 95 Date: Tumse /9S! 





Buildings 59 and 70 - "C" Twisters ileb Tels [Je hadnaladaga¥)i4 14:74 1 Fodor adesleslosios| of 24eg] sd 31 
1, Lubricate rive chains ba | ached ade Tella | [ele 
2, Motion reil drive gears - wind down shaft bearing boxes- | ||) | //|////,////) | 
——444itt ppp 41d tt 
3. Motion rai} drive iNiod peering bows =) Tt | | Ltt tht 
“S. “Ring reil lift rods - threed board lift rods - pull bar pins} | | | TTI rT 
ERLELES 


. | ia 
5. Ring reil lift rods - thread board lift rods - pull ber pins) | | | | | | | | TTT | | 
8 | | | 
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&. Ring rail lift rods - thread board lift rode - pull ber pine 








7. Ring rail lift rods - thresd board lift rods - pull bar pins| 





6. Head end aears and twist gear shaft reservoirs in Bldg. 59 | 
——-snd_10_- tn drier cheine, rollers and tracks in Bldg. 125 | / | 
9. Replenish of} in cam gear reservoirs | 
10. O41} roll gears ~ replace missing waste in vind down shaft j 
11. Foot end tape drum bearings Due 7-5! 
12. Heed end and intermediate tape Grum bearings . 7 -.6/ 
13. _Feed roll compound gear bearings in Bldg. 70 + 4#.67 | | 
1s. Service tint pumpe saecreee 
15. Ring rei} and thread board lift rod foot rollers 
it. 
17. 
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Fig. 3 A portion of a monthly lubrication schedule listing all equipment 
one man is to service or be responsible for, with all parts to be serviced 
listed on the left side of the sheet and the scheduling of the work on 
the right half under the days of the month. As each job is finished, its 
completion is indicated with a check mark. Should the lubrication man 
be unable to complete the job on the day started, he makes a cross mark 
as in item 10 on the bottom half of this schedule, reports to his foreman 
what part of the work remains to be done, and on the date of completion 
indicates with the check mark in the proper date square on the schedule. 


The frequency of lubrication is set up on the recom- 
mendation of a competent “lubrication engineer’. We rely 
on his experience as to how long a certain bearing should 
run without greasing. When a lubrication schedule has 
been set up for a particular machine, it is supervised closely 
and inspected frequently until the requirements have been 
established, and the schedule is then modified accordingly. 
The best lubrication engineer will occasionally misjudge just 
how long a lubricant will last. The follow-up is the re- 
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sponsibility of the maintenance group and it requires a lot 
of close observation and supervision to keep up with it. 

A few representative types of the forms that are used 
to schedule and record the frequency of lubrication are 
partially shown in Fig. 1, 2 and 3. The forms are designed 
so all information regarding the lubrication of all of the 
equipment is clearly and continuously available to all 
people concerned with this phase of plant maintenance. 
They also minimize clerical work and the keeping of 
records and permit a quick follow-up of the work by 
supervision. 

An attempt is made by this method of scheduling to use 
an adequate amount of lubricant without over-lubricating. 
Over-lubrication is a waste of material and labor and 
generates excessive heat which, if continued, will eventually 
cause failure. In the case of grease-lubricated ball bearings 
it is surprising just how much the frequency can be ex- 
tended. The schedule for ball bearings that were formerly 
greased every six months has been extended to two to five 
years, depending on the location and operating conditions. 
There are many bearings that have run much longer than 
five years. There is a group of 10 H.P. electric motors that 
operated almost continuously for nine years before any 
grease was added. This is mentioned merely to point out 
that ball bearings, when good lubricants are used, will 
run for very long periods without relubrication and that it 
is not necessary to grease them every six months. It is our 
opinion now that any ball or roller bearing that is greased 
more often than every two or three years is being greased 
too frequently. 


TABLE I -- CHARACTERISTICS OF LUBRICANTS 
ors 


Rusting and 
Lubricant Flash F. Viseosity Pour Point Oxidation Saponifiable 
2202. E. tax. Acid No, Stability Metter _ 
Light Mineral 012 2000 275 70/80 25 0.1 - - 
Turbine O11 2002 360 140/160 20 0.1 Pass Test - 
Heavy Lubricating 011 2002 475 600/700 (60 Min.) 20 0.1 Pass Test - 
Steam Cylinder 011 2003 450 140/160 45 0.2 - 5/% 
Straight Mineral 042 2004 $50 3500/4000 170/185 45 O.2 7 - 
Medium Lubricating 011 2005 410 275/375 $0 (Min.) 15 0.2 Pass Test - 
Ammonia Compressor 011 2006 350 200/300 45 (Min.) -20 0.2 - - 
Extra Heavy Lubricating 
oil 450 90/120 40 - = 
Heavy Engine Oit 2008 500 148/160 40 0.2 - - 
GREASES 
Gresse Soap _ Viscosity of Oi. at 100 F, Minipus Melting Point F, Penetration Worked Filler 
2025 Caleius 250/300 195 265/295 None 
2027 Caleium & Sodius 485/535 500 220/250 None 
2028 «Sodium or mixed 275/500 290 275/325 Hone 


After good lubricants have been provided and the 
schedules established, the success of the program depends 
on the manner in which it is supervised. This part of the 
Maintenance Department's responsibilities will lag behind 
all other maintenance work unless the supervision takes an 
active interest in it. It cannot be fully effective unless it is 
supervised by someone who is interested and understands 
lubrication well enough to appreciate the importance of 
the small details, such as cleanliness of oil storage rooms, 
keeping lubricants covered and free of dirt, etc. People are 
prone to drift away from any established procedure unless 
their activities are followed closely. 

The lubrication foreman trains and supervises the 
lubrication men. He gives personal attention to the training 
of new people on the job. He checks each man often to 
see that he has not fallen into bad practices of any kind, 
and he frequently checks each man in the field on the kind 
of lubricant he is using. The foreman formulates the 
schedules, the frequency being determined with the help 
of maintenance supervision; keeps all necessary records and 
keeps an adequate supply of lubricants in all oil rooms; 
checks all cases where there is any question as to whether 





the frequency or the lubricant is adequate. He periodically 
checks all oil rooms to see that they are clean and in 
order; checks the lockers, with each man, to eliminate the 
accumulation of unnecessary junk; and checks each man’s 
equipment to assure that he has what is needed to do the 
job and that it is in good condition. 


f 


Fig. 4 Lockers in one of the oil rooms which are provided for the lubrica- 
tion men to help build morale and incite more pride in the appearance of 
the oil rooms and the job in general. 


Many problems were encountered in setting up these 
procedures and many old practices were difficult to change. 
When men have worked for a long period of time with 
little supervision and very few instructions, doing the job 
more or less their own way, changing their attitudes is 
difficult. It is easy enough to get lubrication men to agree 
that too much grease will cause a ball bearing to heat, 
but it is hard to keep them from pumping a housing full. 
They usually feel that too much is better than not enough 
and if kept full they cannot be accused of missing a 
bearing. It was a little difficult for them to realize that the 
old methods were being changed and that Supervision 
intended to follow the program closely to see that lubrica- 
tion was carried on in accordance with the new set-up. 

The advisability of purchasing the more expensive lubri- 
cants, especially the ball bearing greases that had been 
recommended, came up for a lot of discussion. Everyone 
agreed that if the grease was applied by the usual practices 
much would be forced through the housing and more 
wasted than the amount necessary to lubricate the bear- 
ings. It was agreed also that unless the proper amount was 
used in bearing housings the purpose of the better grease 
would be defeated and a cheap grease would probably do 
as well. This had to be overcome, of course, by establishing 
the necessary frequencies and methods of lubrication and 
supervising and training the lubrication men. 

In order to keep machinery in operation there are 
certain preventive measures that should be taken when 
the machine is assembled, and at regular intervals while 
it is in operation. The first step of course is good mechanical 
work. A study of the basic theory of lubrication brings out 
very clearly the importance of good mechanical work. It is 
claimed for instance that 90% of all ball bearing failures 
are caused by dirt. When it is realized by maintenance 

{Continued on page 306) 








CLEANING LUBRICATION SYSTEMS, by A. S. Morrow, Shell Oil Co., will be featured in the February issue of LUBRI- 
CATION ENGINEERING as the fifth in the series of Practical Lubrication articles. At the conclusion of this series, the 
Society will publish the papers in book form as another of its practical lubrication manuals. 
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ABSTRACT: Research results regarding the lubricating properties of molyb- 
denum disulfide are reported in this paper. Its crystal structure, the 
methods of applying the compound, its friction coefficient under ordinary 
conditions, the result of X-ray diffraction study, and the effects of various 
factors, including the surrounding atmosphere, the temperature, the sliding 
speed, the normal load, and the crystallographic orientation are discussed. 
Molybdenum disulfide is also frequently compared with graphite. 


INTRODUCTION: Research work in studying the lubricating 
characteristics of solid lubricants is becoming more active 
every day. This is the result of an ever increasing number 
of special problems that call for the use of dry lubricants, 
both in industry and laboratory applications. Among the 
solid lubricants, molybdenum disulfide MoS has received an 
increasing amount of attention, because it offers a solution to 
many problems which cannot be solved by using ordinary 
lubricants. One example is the lubrication of the bearing 
inside a vacuum chamber where an ordinary lubricant 
cannot be used and graphite fails to lubricate. Graphite is 
a well known solid lubricant very similar to molybdenum 
disulfide, that is frequently discussed and compared with 
molybdenum disulfide. 

CRYSTAL STRUCTURE OF MOLYBDENUM DISULFIDE: 
The use of molybdenum disulfide as a solid lubricant is 
suggested by its laminar structure, which is similar to that 
of graphite. The crystal structure of graphite consists of 
laminae of linked hexagons of carbon atoms as shown in 
Fig. 1a. Each carbon atom is surrounded by four neighboring 
carbon atoms. Three of the four neighbors lie in the same 
lamina at a distance of 1.42 A from the central atom, and 
the fourth one is at a much greater distance of 3.40 A. In 
other words, the forces holding the atoms in a lamina 
together are much stronger than those between neighboring 
laminae. 

Fig. 1b shows the crystal structure of molybdenum di- 
sulfide. The structure is also laminar in nature but, in this 
case, each lamina is a sandwich made up of two layers 
of sulfur atoms with a layer of molybdenum atoms in be- 
tween. Within each of the layers, the atomic arrangement 
is hexagonal. All laminae are identical in having this same 
sandwich construction. The force holding the atoms in each 
lamina together are stronger than those attracting the 
sulfur atoms in one lamina to those of another. 

An electron micrograph of a molybdenum disulfide flake 
is shown in Fig. 2a. The magnification of this micrograph 
is indicated by the scale on the picture. The specimen was 
prepared by placing a drop of distilled water containing 
dispersed molybdenum disulfide powder on a thin collodion 
film which was supported on a screen, and then allowing 
the water to dry. Examination of the specimen with the 


* Sponsored by the Technical Committee on Lubrication Fundamentals and 
presented at the 7th Annual Meeting, ASLE, Cleveland, April 9, 1952. 
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aid of electron microscope tells that almost all molybdenum 
disulfide flakes were lying flat on the collodion film (per- 
pendicular to the electron beam). The one which is shown 
in Fig. 2a happened to stand up with its cleavage plane 
parallel to the electron beam and thus reveals its laminar 
structure. The interpretation of this electron micrograph is 
given in Fig. 2b. It is to be mentioned that each of the 
plates shown in Fig. 2b is actually consisting of a great 
number of laminae. 

The similarity in crystal structure of these two substances 
is rather striking. Graphite is well known as a good solid 
lubricant. Its lubricating property has been attributed to 
its particular crystal structure, that is, to the fact that the 
weak bonds between graphite laminae give an easy sliding 
of one lamina over another. Recent experimental re- 
sults?-15.16 indicate that the lubrication of graphite is not 
intrinsic in its laminar crystal structure alone, but also de- 
pends upon adsorption films on the laminae faces. From the 
similarity in crystal structures, molybdenum disulfide is 
naturally expected to have a good lubricating property. 
Strangely enough, the lubricating characteristic of molyb- 
denum disulfide has been found to be independent of 
adsorption films”. Because of this difference, molybdenum 
disulfide surpasses graphite as a solid lubricant under con- 
ditions where adsorption films cannot form on the cleavage 
faces. 

METHODS OF APPLYING MOLYBDENUM DISULFIDE: 
Molybdenum disulfide powder can be rubbed onto the 
surface of the base metal to form a thin film without the 
aid of any binding materials. This can be done by rubbing 
the surface with molybdenum disulfide powder with the 
fingers or a pad of cotton. The powder can also be com- 
pressed into a cake which is then pressed against a moving 
surface to form a thin film on the latter. Sumner?, Bowden?, 
and Bell and Findlay> have reported that the rubbed-on 
film adheres to metal reasonably well. Stuart® has reported 
that, in contrast to a graphite film, the molybdenum disulfide 
film on a metallic surface is held with exceptionally good 
adhesion. According to the author's own experience, a 
rubbed-on molybdenum disulfide film adheres to metal 
better than does a graphite film, which observation is thus 
in good agreement with that of others. The reason why it 
adheres so well to metallic surfaces has not yet been 
definitely established. According to Bell and Findlay®, the 
adherence between a molybdenum disulfide lamina ard a 
metallic surface is due to a strong metal to sulfur bond. 

Molybdenum disulfide surface films can also be pro- 
duced by spraying or brushing a dispersion of the powder 
in a volatile liquid medium onto a surface and allowing 
it to dry. 

The method of using a binding material to produce a 
molybdenum disulfide film on metallic surface has also 
been used by various investigators. Johnson et al? have 
used corn syrup with success to produce a tenacious film. 
The detailed method of preparation is given in NACA TN 
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No. 1578. Bowden and Shooter® have used ebonite. 

A molybdenum disulfide film may also be prepared by 
changing chemically the surface layer of metallic molyb- 
denum or its alloys into molybdenum disulfide. Bowden* 
has tried this method on porous sintered molybdenum. Of 
course, this method can only be applied to molybdenum or 
its alloys. 

Milne® has used the method that involves phosphating 
the metallic surface to produce a non-metallic surface layer 
having a porous structure which can then be filled with 
molybdenum disulfide powder. 

The method of impregnating the base material with 
molybdenum disulfide powder has been used. by Bowden 
and Shooter®, and also by Johnson, Swikert and Bisson’. 
Porous sintered copper, porous sintered silver and perspex 
have been tried. In all cases, the friction was reduced due 
to the presence of molybdenum disulfide. By this means, 
the molybdenum disulfide can be incorporated into almost 
any material. 

FRICTION COEFFICIENT OF MOLYBDENUM DISULFIDE 
UNDER ORDINARY CONDITIONS: Before the discussion of 
the effect of various factors upon the lubricating character- 
istic of molybdenum disulfide, we shall discuss the friction 
coefficient of molybdenum disulfide under ordinary condi- 
tions, that is, with a reasonable speed, under a moderate 
load, at room temperature, and in the ordinary atmosphere. 

It would be helpful for the following discussion to men- 
tion that the major component of friction is the shear 
component and the friction coefficient is approximately 
equal to the ratio of the shear stress s and the flow pres- 
sure p (Cf. references 111-12). In the case of rubbing two 
surfaces which are covered by thin molybdenum disulfide 
films, shear will occur inside the film, i.e. s is determined 
by the shear strength of the molybdenum disulfide, whereas 
the actual area of contact is determined by the hardness of 
the base material. By changing the hardness of the base 
material, one can change the flow pressure p. Thus, the 
friction coefficient can be lowered by increasing the hard- 
mess of the base material. This has been found to be so by 
the author. 
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ig. la & 1b (left) Crystal structure of graphite, and molybdenum disulfide, 
respectively. 


Fig. 20 & 2b (right) Electron micrograph of a molybdenum disulfide flake 
which stands up with its cleavage plane parallel to the electron beam and 
demonstrates its laminar structure, and interpretation of the electron 
micrograph, respectively. 


Table | gives the values of friction coefficient of molyb- 
denum disulfide reported by various investigators. The first 
four data (a), (b), (c), and (d) are representative values of 
friction coefficient because the method of applying molyb- 
denum disulfide or graphite to the surface by rubbing 
introduces no foreian material. Furthermore, the experi- 
mental conditions are roughly the same, and hence the 
data are directly comparable. The values of friction co- 
efficient for molybdenum disulfide obtained by various 
investigators agree fairly well and are in the range from 
0.05 to 0.095. The range of friction coefficients for graphite 
is from 0.11 to 0.19. This indicates that the friction coefficient 
of a thin film of graphite on a metallic surface is higher 
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than that of a thin molybdenum disulfide film on the same 
metallic surface. 

The friction coefficient of a molybdenum disulfide film 
prepared with the aid of a binding material [Table |, (e) 
and (f)] is of the order of 0.20 which is higher than that 
of rubbed-on films which give a value ranging from 0.05 
to 0.095. The explanation for this is that the film prepared 
with the aid of the binding material is usually much thicker 
than the rubbed-on film, and hence the hard backing 
material does not help in reducing the friction coefficient. 
This explanation is further supported by the fact that the 
friction coefficient of the film prepared in this way is of 
the same order of magnitude as that of a compressed 
molybdenum disulfide pellet [Table |, (i)]. 
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Fig. 3 Photomicrograph showing the retained molybdenum disulfide film 
{indicated by arrows) on the steel rider (500X). 
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Fig. 4 X-ray diffraction results of molybdenum dissulfide. 4a (top) Ran- 
domly oriented molybdenum disulfide powder sample. 4b (center) Molyb- 
denum disulfide surface film which was rubbed on the ground glass plate 
of 30 microinches r.m.s. 4c (bottom) Molybdenum disulfide surface film 
on the 30 microinches ground glass plate after it has been rubbed over 
about ten times by the glass slider under a load of 3,000 grams. 


EFFECT OF ATMOSPHERE: It has definitely been es- 
tablished that graphite loses its lubricating property in 
the absence of condensable vapor?-15.16, In vacuum, wear 
of graphite accompanied by high friction is very rapid. 
Suitable additives to graphite have been found which 
compensates for its tendency to lose lubricating capacity at 
high altitudes where semi-vacuum conditions prevail. How- 
ever, molybdenum disulfide behaves differently. Savage's 
experimental result? shows that the wear of molybdenum 
disulfide in vacuum (0.05 micron) is negligibly small. This 
indicates that it is suitable for lubricating moving parts in 
vacuum. As a matter of fact, it has been applied to the 
rotating target X-ray tube and found to work extremely well. 

EFFECT OF TEMPERATURE: Because the lubricating 
property of molybdenum disulfide is independent of ad- 
sorption films, this. compound is expected to be a good 
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lubricant at low temperatures, as well as high temperatures. 
However, at high temperatures, its stability and oxidation 
characteristics have to be considered. In an inert atmos- 
phere, molybdenum disulfide is extremely stable at high 
temperatures. The Handbook of Chemistry and Physics‘? 
indicates the melting temperature of this compound to be 
1185 C. (2160 F.). However, no melting was observed on 
heating molybdenum disulfide in argon up to 1427 C. 
(2600 F.)!8. Nevertheless, it decomposes at a temperature 
around 1100 C. (2010 F.) in vacuum, yielding metallic 
molybdenum and free sulfur!®. 

Godfrey and Nelson!®, and Ryozi?® have studied the 
oxidation characteristics of molybdenum disulfide. Their 
results indicate no detectable oxidation at temperatures 
below 400 C. (750 F.). The products of oxidation of molyb- 
denum disulfide formed above 400 C. do not have good 
lubricating property. The molybdenum oxide has strong 
abrasive properties and the sulfur is corrosive. Godfrey and 
Nelson?? have shown that, at high temperatures, a molyb- 
denum disulfide surface film maintains its low friction during 
its oxidation as long as an effective subfilm of molybdenum 
disulfide remains. Therefore, the use of molybdenum disulfide 
as a lubricant in an oxidizing atmosphere, at temperatures 
high enough to produce oxidation, should be carefully 
studied to be sure that an effective subfilm of molybdenum 
disulfide remains under operating conditions, or its use 
should be avoided. 


or eget os INVESTIGATOR DESCRIPTION OF THE EXPERIMENTAL CONDITIONS FRICTION COEFFICIENT 


MoS. (or graphite Mos. Graphite 
a. Fong MoS, fila Sassy om SAE 1020 steel speed 0,05-0.095 
40 Ppm. Loa ga. (Friction cosffi- 
cient of SAE Jo20 steel under the saze 
conditions - 0,55) 
b. Feng Graphite file rubbed on SAE 1020 steel Q.11-0.14 
Rubbing with MoS, Other conditions same as in (a). 
(without binding 4 
materia c. Bowden MoS. film rubbed on steel coeeoetes coe 0,05 
etticient of the steel - about 0,8) 
a. Johnson, prt pee ir rubbed on “yg em Saz 0.19 


Godfrey "es 1020 steel Speed about 50 f, Load - 
Bisson about 100 gn. (Friction seerticion’ of 
normalised SAE 1020 steel - 0.54) 
e. Fong MoS. film prepared on SAE 1020 — with @,20 
the'aid of corn syrup as the bind: Rea. 
With the aid of terial, Other conditions saze as zH (a). 
Dinding material 
ft. persone § MoS, film prepared on normalised SAE 1020 0.19 
Gedtreg & steel with corn syrup as the binding se- 
Bisson terial, Other conditions saze as mo (4). 





By chemical means io Bowden* MoS. formed chemically on sintered to 0.1 
(Pr: een eoefficient of sintered Ho - 
0.45 


ert phosphate a» Milne? aoe, filled in the yao structure of the 0.04-0.1 
01 


phate surface layer 


By compressing i. Fong 
MoS. 


na MoS, pellets formed by compressing the pow- 0,20-0,22 
powder into 
fete 


der ine peracs mold at @ pressure of 
10,000 pei. The compressed MoS> pellets were 
tested ett Giscs of various saterials, 





copper on SAE 
1020 steel, everious | wos, films on SAE 1020 
steel, and also compressed MoS, itself, 


i Bowden* MoS. impregnated in sintered copper (Fric- 0,13 
tion coefficient of sintered copper = 0,3). 
gk. J MoS. (35%) amen orated in hot-pressed bear- 0,17 
By iepregnati: Seiker}se ing“saterial of Ag and 5% =r (Friction 
the base material Bisson’? coefficient of hot-pressed bearing material 
containing 95% Ag and 5% Cu - 0.30) 
1. Bowden ] a few percent) in pvereres (Friction 0.1-0.15 
Shooter’ secktlasses of perspex - 0.45) 
By Shapers sens =~ @, Hughes & uu Graphite file formed on wild steel surface 0,09 
liguid sediua - Whittinghes from @ colloidal graphite eer: yr 
dispersion oF the ~ 0,06 fpm, Load range - from 50 
owder (rrietion coefficient of aild edhe tia o. 53 5) 


Table I—Friction Coefficient of Molybdenum Disulfide. 


Graphite does not melt either. Its sublimation tempera- 
ture is above 3500 C. (6330 F.)?1"??. According to Vosburgh??, 
the temperature at which oxidation of graphite begins in air 
is 450 (842 F.). Because of the dependence of the lubri- 
cating property of graphite upon adsorption films, graphite 
is expected to function less satisfactorily as a lubricant at 
high temperatures than at room temperatures. Above the 
oxidation temperature, the oxidation of graphite produces 
no abrasive substance, and the carbon dioxide formed is 
generally non-corrosive. For these reasons, graphite is 
preferable at temperatures above the oxidation temperature 
of molybdenum disulfide. 

EFFECT OF SLIDING SPEED: Because of the fact that 
graphite lubrication depends on the condensed vapor films 
and that the surface temperature increases with increasing 
sliding speed, graphite will not be expected to lubricate 
as well as molybdenum disulfide at high sliding speeds. 
This has been found to be so by Johnson, Godfrey, and 
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Bisson’. Their experimental results also demonstrate that 
the friction coefficient of a molybdenum disulfide surface 
film decreases with an increasing sliding speed. 

EFFECT OF NORMAL LOAD: Boyd and Robertson?* 
have observed a decreased friction coefficient of molyb- 
denum disulfide with increasing pressure. Milne® has re- 
ported that the friction coefficient of molybdenum disulfide 
is lower at heavy loads than at light loads. The experiments 
carried out by the author yielded similar results. In these 
experiments, a hard steel ball of 1/,’ diameter was used 
as a rider sliding against a molybdenum disulfide film which 
was rubbed on the surface of a Cu-Be disc. The rider was 
sliding repeatedly over the same friction track on the 
Cu-Be disc at a load of 19.5 kg and a speed of 40 fpm, 
until the surface film was penetrated. Before the surface 
film was penetrated, the film which covered the friction 
track was shiny, smooth, and continuous. It was found 
that penetration usually started at some point which is 
presumably the weakest spot, and was followed by metal 
transfer which causes the sliding to become ‘rough’ and 
a rapid spread of penetration. A retained surface film has 
been observed on the wear spot of the rider as shown 
in Fig. 3 and also inside the wear track of the disc. This 
indicates the tenacity of the molybdenum disulfide surface 
film, as well as its resistance to penetration. 

EFFECT OF CRYSTALLOGRAPHIC ORIENTATION: The 
laminar structure of molybdenum disulfide suggests the 
dependence of its friction characteristics on its crystallo- 
graphic orientation. Experiments were carried out to study 
this dependence. Specimens were cut from natural molyb- 
denum disulfide crystals. With a freshly prepared cleavage 
surface of the crystal sliding against a SAE 1020 steel disc 
at a speed of 40 f.p.m. the friction coefficient was 0.10 in 
ordinary atmosphere. With the edges of the cleavage 
planes sliding against the same disc at the same speed, 
the highest value of friction coefficient observed was 0.26; 
and the actual friction coefficient is considered very possibly 
to be higher than 0.26, because, in preparing a surface 
perpendicular to the cleavage plane, the cutting operation 
always introduced randomly oriented crystal fragments 
which partly covered the surface. 
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Table 1|—Values of d and 1/19 for various crystallographic planes. 


Similar results of graphite have been observed by 
Campbell and Koza’.!®, in the study of wear of carbon 
brushes in dry atmospheres. They cut test specimens from 
a highly oriented natural graphite sample. When the 
cleavage surface of the specimen was sliding against the 
copper surface in dry nitrogen, after a small amount of 
initial wear, no further measurable wear was observed 
over a period of 9 hours. When the cleavage surface of 
the graphite specimen was arranged to be perpendicular 
to the copper surface, wear took place immediately and 
rapidly. 

ORIENTATION OF THE MOLYBDENUM _ DISULFIDE 
SURFACE FILM: The foregoing experimental results indicate 
that the friction characteristics of molybdenum disulfide 
depend largely on crystallographic orientation. The change 
of the orientation of the molybdenum disulfide surface film 
was then studied with a Norelco X-ray diffraction spec- 
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trometer. The X-ray used was the Cu Ka (Ni filter) radiation. 

1. DIFFRACTION PATTERN OF A COMPLETELY ORI- 
ENTED POWDER SAMPLE: In order to study the change in 
orientation, a diffraction pattern of a completely randomly 
oriented powder sample has to be obtained first to serve 
as the basis of comparison. Because molybdenum disulfide 
laminae have a tendency to lie flat on the surface, which 
will be seen in the following experimentai results, it be- 
comes difficult to prepare a completely randomly oriented 
powder sample. For this reason, reflections from the main 
cleavage plane (001) are usually much stronger than 
would be expected from a completely randomly oriented 
powder sample (Cf. the X-ray diffraction pattern of molyb- 
denum disulfide obtained by Godfrey and Nelson?®). 

The method finally used by the author in preparing a 
randomly oriented molybdenum disulfide powder sample is 
as follows: One surface of a glass slide is first wetted with 
50% collodion solution in amyl acetate. The molybdenum 
disulfide powder of a purity higher than 99 per cent is then 
sprinkled on the wet glass slide. The powder adheres 
locsely. The powder sample is then carefully put on the 
stage of the X-ray spectrometer without letting the powder 
fall off. The X-ray diffraction pattern from a sample thus 
prepared is shown in Fig. 4a. 

From the size of the hexagonal unit cell as determined 
by Dickinson and Pauling‘, the interplanar distances d for 
various crystallographic planes can be calculated. From 
the known crystal structure of molybdenum disulfide, the 
relative intensities 1/1, of the reflected radiation from various 
crystallographic planes can be calculated for the perfectly 
randomly oriented sample. In calculating the relative in- 
tensities, the intensity of the reflection (103), instead of the 
strongest one, is taken as unity. This is because the strongest 
reflection is the second order reflection from the basal 
plane, and will become extremely strong when the molyb- 
denum disulfide powder takes an oriented position. 

The calculated values of d and I/I, are listed in Table II. 
The d-values are arranged in the order of decreasing d. The 
experimentally determined interplanar distances d and rela- 
tive intensities I/1, are listed in Table Il next to the calcu- 
lated values. Comparing the experimentally determined 
results with the calculated values, one can see that they 
are in good agreement. The (114) reflection does not show 
up in Fig. 4a probably because of its very weak intensity. 

There are two sets of d-values and their corresponding 
I/|,-values listed in the ASTM X-ray diffraction data?’ for 
molybdenites from two different sources, i.e., from the 
Ogden Mine, New Jersey and from Haddam, Connecticut. 
They are also listed in Table Il for close comparison. Com- 
paring the d-values for molybdenite from Haddam, Con- 
necticut, with the calculated d-values, one can see that 
the agreement is not bad except the extra reflection of ithe 
d-values, 1.749, 1.699 and 1.431. These extra lines are 
respectively the reflections from the planes (110), (008) and 
(112), and (203), caused by the Cu K@ radiation because 
instead of a Ni filter, an Al filter was used with Cu 
radiation in determining these values. The d-values for 
molybdenite from the Ogden Mine, New Jersey, agree well 
with the calculated d-values except for a few values at 
low Bragg angles. The probable reason is the solarization 
effect caused by the extremely strong reflection from the 
(002) plane. The I/1,-values for molybdenite from these two 
sources are visual estimates. 

2. X-RAY DIFFRACTION RESULT OF SURFACE FILM: 
In interpreting the X-ray diffraction results, the following 
brief explanation might be helpful: A certain crystallo- 
graphic plane of interplanar distance d can reflect X-ray 
of wave length A only when the incident angle © of the 
X-ray beam satisfy the’ Bragg’s Law, n A = 2 d sin O, 
where n is the order of the reflection. If a crystallographic 
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plane lies parallel to the plane of the ‘stage in an X-ray 
diffraction spectrometer, this crystallographic plane will 
reflect the incident X-ray when the plane of the stage 
makes a proper angle © with the incident beam, and the 
reflected beam is detected by an ionization chamber. The 
ionization chamber is so coupled with the specimen stage 
that only beams reflected from crystallographic planes 
parallel to the plane of the stage enter the ionization 
chamber. In a completely randomly oriented powder 
sample, all crystallographic plane may be assumed to 
have equal chance to lie parallel to the surface of the 
glass slide. In this case, the spectrometer register reflections 
from all crystallographic planes (There are limitations, such 
as the mechanical construction of the spectrometer. In the 
Norelco X-ray diffraction spectrometer, it is limited to the 
reflections having angles 2 © smaller than 90 degrees.) 
as illustrated by Fig. 4a. If all flakes in the randomly 
oriented sample are rearranged to lie with a certain par- 
ticular crystallographic plane parallel to the plane of the 
stage, only the reflections from that particular crystallo- 
graphic plane will appear on the spectra and at the same 
time their intensity will become very strong. 

Fig. 4b shows the X-ray diffraction result of the molyb- 
denum disulfide surface film which was rubbed on the 
ground glass plate of 30 microinches rms surface finish with 
a pad of cotton. In Fig. 4b, one can see that the relative 
intensities of the reflections from the main cleavage plane, 
i.e., (002), (004), etc., are much stronger than the normal 
magnitudes (compare with Fig. 4a). Besides the very strong 
reflections from the main cleavage plane, only the re- 
flections, (103) and (105), are barely visible. It is to be 
mentioned here that a spectra showing only reflections 
from one particular crystallographic plane, does not 
necessarily mean that every flake is lying with that par- 
ticular crystallographic plane parallel to the plane of the 
stage. Therefore, the result Fig. 4b indicates that, within 
the volume of the sample irradiated by the X-ray, there 
are more molybdenum disulfide laminae oriented with their 
main cleavage plane parallel or almost parallel to the 
surface of the base than would be in the case of com- 
pletely randomly oriented powder sample. 

3. APPARATUS USED FOR RUBBING THE SURFACE 
FILM: The apparatus for rubbing a rider over molybdenum 
disulfide surface film was quite simple. It essentially con- 
sisted of a spherical glass rider of 6 mm diameter sliding 
on a rotating flat ground glass plate. The load was applied 
by putting weights along the vertical axis of the rider 
holder. A flat circular wear spot of approximately 1.5 mm 
diameter was made on the spherical rider by running the 
rider on the rotating ground glass plate. The rider could 
be moved radially. This movement was necessary for 
preparing a track which is wide enough for X-ray diffrac- 
tion study. 

4. EFFECT OF THE RUBBING PRESSURE: Fig. 4c shows 
the X-ray diffraction result of the molybdenum disulfide 
surface film on the ground glass plate of 30 microinches rms 
after the surface film has been rubbed over about ten 
times by the glass rider under a load of 3,000 gm. All of 
the originally weak reflections have disappeared into the 
background, and only the reflections from the main cleavage 
plane are left in the pattern. The action of rubbing with the 
glass rider under a load of 3,000 gm causes a large per- 
centage of the molybdenum disulfide laminae in the surface 
film to lie with the main cleavage plane parallel or almost 
parallel to the surface. Fig. 4b and 4c are directly com- 
parable in showing the effect of the rubbing pressure. The 
rubbing pressure exerted by the glass rider under a load of 
3,000 gm is much greater than that produced by the pad 
of cotton. The results seem to indicate that the higher the 

(Continued on page 306) 
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For more than fifty years it has generally been the practice 
to apply cutting fluids as shown in Fig. 1, top stream. More 
recently, many have followed the so-called “flooding” 
method (both streams, Fig. 1). Some improvement was ob- 
tained in some cases, none in others. 

A little thought will show what is wrong: The upper 
stream flows over the chip but is blocked from reaching 
the cutting edge by the chip and by pressures of over 
50,000 p.s.i. subsisting between the cutting edge and the 
cut face of the work, and likewise between the chip and 
the top of the tool. For low cutting speeds such as used in 
threading, gear cutting, or for very tough or hard materials, 
the rate of movement is low enough so that capillary 
forces may act, and small quantities of cutting fluid may 
reach the tool edge. But for normal turning, boring and 
milling speeds 100 f.p.s. and higher, the cut surface is bone 
dry, free of oil, and the only possible function of the cutting 
fluid is indirect cooling. For this reason, soluble oils (which 
are mostly water) have done quite well. 

The writer developed a new method of applying 
cutting oil that has produced rather surprising results. A jet, 
small enough in width to enter the space between the 
heel of the tool and the moving work, is applied from 
below the cutting edge as shown in Fig. 2. This jet does 
not splash on the bottom of the tool; in order to penetrate 
to the top of the wedge between tool and downward 
moving work, high speed is necessary. 

Preliminary calculation showed that with work moving 
past the tool edge at 1.4 f.p.s. and higher, a very consider- 
able friction resistance to flow subsists in the upper portion 
of the wedge. Consequently a jet speed is required that 
will, on turning at right angle under the tool contact, yield 
more static pressure than this friction loss. The optimum 
pressure appeared to be centering around 400 p.s.i. (250 
f.p.s. jet speed) for mineral cutting oils. Fig. 3 shows the 
results of tests on SAE 3150 steel at 110 s.f.m., 0.011 in. feed 
and 0.150 depth of cut. Not much improvement is shown at 
the lower pressures, a sharp increase between 250 and 400 
p.s.i, and thereafter a decrease again. We have since 
found, as might be expected, that as cutting speed goes 
up the jet pressure should also be increased moderately, 
and change of viscosity of the cutting liquid also influences 
the optimum pressure. 

In order to avoid cross flow, the high-speed jet is made 
considerably smaller than the gap between tool and work. 
In our test cases, the tool is generally /. in by 1/2 in., the 
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space between the heel of the tool and work about 0.087 
in. Calculation showed that much less fluid than the usual 
flow would be required for adequate cooling. All the fluid 
is spread on the flank of the tool in a very thin stream 
moving very fast. We used a jet 0.010 in. diameter at first, 
but have tried larger sizes and for deep cuts, multiple jets 
and slit orifices. At present we are generally using one or 
more 0.014 in. diameter jets spaced 1/16 in. to 9/64 in. or 
so, as necessary. A suitable test procedure was developed 
fo measure pressures under the tool edge, shown in Fig. 4. 

As would be expected, since the oil flowing up to the 
tool edge must turn at right angles to get out, the static 
pressures are obtained by the change of direction in flow. 
The function of this static pressure is highly important and 
will be discussed below. 

Since the tool edge is at temperatures of 800 to 1200 
F., boiling of the cutting field occurs thereon and cooling is 
greatly improved. Lubrication of the tool is also accom- 
plished at any speed as proved by several indications, as 
follows: (1) Tool life at any normal speed is increased 5 
times or more; (2) Tool life at higher than normal speeds is 
increased much further; for example, cutting 1020 steel at 
400 f.p.m. (3.5 times normal) the tool life is about the same 
as at 120 f.p.m., but is 30 to 60 times the life using the 
old method of application; (3) Build-up is eliminated; (4) 
Forces for cutting and feed are reduced; (5) Finish improves 
from say, 200 microinches to 65; (6) The diameter of the 
work does not change more than .001 to .003 in. until tool 
breakdown; (7) The nose of the tool remains in good condi- 
tion, failure taking place on the cutting edge when tested 
to destruction. See Fig. 5. 


How does a pressure of a few hundred pounds per 
square inch force fluid past contacts of 50,000 to 100,000 
p.s.i.2 We examined the roughness of the cut face (the 
shoulder) versus that of the tool. The cut face roughness was 
about 65 microinches, that of the tool about 6-8 microinches; 
this means that the work is splitting to some extent ahead 
of the tool edge and passages of 10 to 70 microinches 
depth subsist, providing the necessary passages over the 
edge. Probably the pressures available under the edge, 
from the jet impact, are insufficient to drive any appreciable 
amount of liquid oil through these tiny conduits; but we 
know from the considerably increased smoke and vapor 
from under the tool edge that the liquid is boiling at the 
edge. Oil vapor can be driven through these passages by 
the pressures available. As soon as the vapor reaches a 
little distance back of the edge, the lower temperature of 
chip and tool recondenses this vapor and it lubricates the 
chip and crater as liquid oil. A further proof of lubrication 
is given by the dynamometer forces; the turning or tangential 
force is largely that of cutting and bending the chip, but 
there is also edge friction. When using the high speed jet 
this force usually drops 5 to 10% from the overhead method, 
for the same cut. The feed or longitudinal force is composed 
largely of chip friction on top of the tool; this is reduced 35 
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to 50%. Improvement of finish is due to preservation and 
lubrication of the nose; it is very noticeable that there are 
no “feathers” on the work surface. The work can be safely 
felt with the fingers at 400 s.f.m. 

Cooling is immensely improved. With the old system 
flows of 0.75 to 1.50 gal. per cubic inch metal removed 
produce 30° to 35° cooling of the tool edge, below the dry 
cutting temperature. With the high-speed jet 0.03 to 0.07 
gal. per cubic inch produces cooling from 75 to 160 F. 
below dry cutting, depending on flow and cutting speed. 
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\Ocnmms aT Face OF GUT 
TO TRANSPARENT 
Fig. 1 (left) Flooding. 


Fig. 2 (center & right) Jet location and flow path. 


Apparently the direct cooling in thin films at high 
speed improves edge cooling 2 to 3 times with about 1/20 
the oil usually circulated by overhead flooding, or 40 to 60 
times the cooling per gallon circulated. There is usually no 
color in the chips, which can generally be caught in the 
hand, without discomfort, as they come off the tool, when 
using high-speed tools and normal speeds. 
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Fig. 3 (left) Tool-life vs. jet pressure. 


Fig. 4 (right) Pattern of static fluid pressure under tool edge. 


Looking at test results, Table | gives some of our 
laboratory results. In these cases the Hi-Jet performance is 
compared to the best conventional cutting oil or emulsion. 
The successful cutting of titanium appears to be solved. To 
everybody this material has hitherto been a bad headache. 








Fig. 3 Character of tool failure—top view. 


The results of other tests are shown in Fig. 6 which 
compares the Hi-Jet and overhead performance of five 
cutting fluids. Dry Cutting results are also included for 
comparison. Oil “E” is a conventional cutting oil which, 
when applied a Hi-Jet, gives results worse than those 
obtained with the overhead method. Oil “D" is another 
conventional cutting oil which, while giving about the same 
results as oil “E'’ with the overhead method, produces im- 
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proved tool life when applied with Hi-Jet. Oil “C" is a 
conventional cutting oil which is the best of the con- 
ventional oils tested with both Hi-Jet and overhead. Oil 
“B" is an experimental oil formulated for use with Hi-Jet 
which is very satisfactory, but does not give good results 
with the overhead method. Oil ‘‘A” is our present Hi-Jet oil 
which, as may be seen on the figure, gives best results 
with Hi-Jet and equals the performance of the commercial 
cutting fluids when used in the overhead method. Over 60 
conventional and experimental oils have been tested, in- 
cluding some competitive oils and the above results are 
typical of our findings with the conventional oils. 
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COMPARISON OF HI-JET AND CONVENTIONAL METHODS OF 
APPLYING THE COOLANT OH 
ALL TESTS RUN WITH HI-JET O8 EXCEPT a8 NOTED 














Fig. 6 (left) #£3140 Steel—Comparison of tool life—Hi-Jet and overhead 
application. 


Fig. 7 (right) AIS! 4147 (INT) Steel—Test log lathe turning operation. 


The nature of the cutting fluid has an influence that must 
not be disregarded. We quickly found that many of the 
highly favored- and highly compounded-oils became chem- 
ically active at the tool-edge temperature and are unsatis- 
factory. The oil developed for this system works best therein 
and in addition, is suitable for use in the machine tool 
bearings or in a hydraulic system connected with it. 
Present commercial emulsions in the ordinary mixes (5% 
oil, 95% water) are not very satisfactory in this concentra- 
tion; they give more tool life than the overhead system with 
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0.325 in. depth of out 
AISI 416 160 of= ae Kineral 94 ous 163.6 
Stainless 0,021 in. feed sigeaapece steel 1c; cy oe 3/64 Bi-Jjet 012 
0.150 im, depth of cut 
$05 2020 400 fe Bbakak Kineral 2.33 Gulf 20.8 2.0 ain.et 295 sf 
0.022 in. feed High-speed steel 1056, e368 Bi-Jet 042 
0.088 ia. depth of ext 
sar i020 | (378 ofa u Einerel 6.0 Gut 12s 2.0 sin,et 295 ofe 
0.022 in. feed tigh-epect steet 1otesbs 3/64 BinJet 042 
0.088 in. depth of ext 
Amsr.1045 200 fe 184-2 20 Belable us out 2.0 efn.et 270 ofe 
0.022 in. feed Bigh=spect oteca 1056, 23/66 Hi-Jet 042 0:5 min.et 200 efe 
0,088 is. depth of cut 
fitesten 100 ofa Carmet Ca-2 0,8,7,7 out 43.4 3-46 win.ot 1C0 ofe 
Flawed Bar 0,01) in. feed 61651764 Mi-det 012 
088 ta.depth of out 
Titentes «180 af Carnet CA-2 0,8,7,7, our 4-6 2.4h iz.et 100 ofe 
0.022 in.f0 6,6,2/68 Bi-Jes 082 


od 
0.088 indepth of eut 


TABLE II -- TESTS ON INCONEL TPE 


Overhead Flood Hi-Jet 
ter Gutting Conditions Took Pieces * 
Inconel TPH “eo 5 sf Tungsten Soluble 57 Hi-Jet 275 
0.0065 in. feed Carbide 
0.220 Pra depth of cut 
Tine, Min, ost Min, 
Inconel TPM ae 5 ae Cast Alloy Hi-Jet 7.9 Hi-Jet 64 
0.0065 in. feed Co 48 
0.220 ‘ar “depth of cut mg 30 
wis 
Ta 5 
Inconel TPM 52 sfa Cast Alloy Hi-Jet 77.0 Hi-Jet 280 
0.0065 in, feed Co 48 
0.220 in. depth of cut Cr 30 
wis 
Tea 5 
Inconel TPB 52 8 Siue-apeet Steel Hi-Jet 2.5 Hi-Jet 47 
3.0065 in. feed lo 8 
0.220 in. depth of cut or 4 
a 
W 1-2/2 
Inconel TPM 41 sfa High-Speed Steel Hi-Jet 39 Hi-Jet 230 
0.0065 in, feed Mo 8 


0.220 in. depth of cut Cr 4 
® 1-1/2 


any fluid, but only 35 to 40% of the life attained with 
Hi-Jet oil. However, we have found that raising the con- 
centration to perhaps 20% oil gives very satisfactory results 

(Continued on page 308) 
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ABSTRACT: This paper describes the selection of metal compositions for 
various application in oil-film bearings, enumerating the factors and func- 
tional differences that influence the choice of available bearing materials 
in their use, some of which are in the final period of development. 
Before a satisfactory analysis of fatigue in the metal of 
a plain oil-film or boundary-film journal bearing may be 
made, the bearing material must first be capable of operat- 
ing or running’ successfully under the load conditions im- 
posed. The main requirements)”, including fatigue, that 
must be met are: 1. Score Resistance (Anti-Seizure); 2. De- 
formability: a. Comformability; b. Embedability; 3. Fatigue 
Strength; 4. Corrosion Resistance. 

As will be shown, the listed bearing requirements are 
interrelated in some respects. However, bearings are sub- 
jected to such varied influences that the selection of a 
metal for a particular application is usually a compromise, 
and the best choice is made by recognizing the maximum 
requirement and then selecting a commercial alloy having 
the desired qualities. 

SCORE RESISTANCE (Anti-Seizure): Long before Isaac 
Babbitt obtained a patent (#1252, July 19, 1839) on a 
journal box containing an alloy of tin, antimony, copper 
and lead, for use as a plain bearing liner (Fig. 1), and up 
to the present time, this type of bearing metal, now 
widely known as babbitt, has been predominantly used 
with very satisfactory results. Its chief weakness in cyclic 
loaded bearings is low fatigue life. One of its attributes is 
a very excellent anti-seizure characteristic, which is now 
being utilized as a very thin overlay on the most modern 
types of high-load-capacity plain bearings. These are also 
covered in a later section. Isaac Babbitt even foresaw 
the effectiveness of thin layers as in his description of the 
journal box he said, ". . . the ledges will effectively check 
the tendency in the metal to spread from the weight and 
friction of the load. When the ledges are not used the 
coating of the composition metal should be but thin.” 

Sufficient testst® and experiences®> have now been 
accumulated to provide some order to the many available 
bearing metals, as shown in Table |. Improved resistance 
to scoring (not to be confused with cutting or grooving of 
the metal by dirt and other foreign material) usually has 
been found to be obtained at the expense of hardness and 
strength. Increase in lead content and a decrease in tin and 
zinc improves the resistance to seizure of the brasses and 
bronzes. A general classification as listed in this table does 
not allow the inclusion of special bearing materials, such 
as the tri-metal types of plain bearings. The aluminum alloy, 
and also silver and copper, may be indented as in Fig. 2 
* Sponsored by the Technical Committee on Bearings and Bearing Lubrica- 
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with a fine grid pattern* and filled with lead alloy, or 
simply overplated with tin or lead alloy, to improve their 
score resistance and to be nearly equivalent to the white 
metals in this respect. 

DEFORMABILITY: When loads are applied to a structure, 
the bearings or journals deflect, often producing edge con- 
tact. If a conformable bearing metal is selected for the 
design, local deformation takes place and the surface is 
automatically adjusted without producing high temperatures 
which result in a burned-out or fatigued bearing. 

Futhermore, when dirt enters the clearance space, it 
must embed in the bearing metal or cut a groove around 
the shaft. Solid particles (particularly silica and other hard 
metallic oxides) are a prime cause of journal wear and 
bearing overheating. When copper-lead, bronze, or alumi- 
num alloy bearings are used, it may be good practice to 
harden the journals to reduce the journal wear rate. White 
metals are preferred where dirt conditions are not con- 
trollable, even though such a compromise may involve a 
lowering of the fatigue life. 

Frequently, the ability to embed when dirt is present and 
to conform when distortion is present are treated as separate 
characteristics. In practice, a material responds about equally 
to each of these influences. Table II shows this characteristic 
as deformability. 

Table Ill summarizes the principal results of relative em- 
bedability tests on a number of different commercial bear- 
ing materials with an abrasive-containing lubricant.? The 
most striking fact is the beneficial effect of the lead-base bab- 
bitt overlays. This is seen by comparing identical materials 
with and without overlay, such as items 3 and 6, 10 and 11, 
12 and 13. It is shown that a relative embedability or dirt- 
tolerance improvement of from 10 to 100 times may be had, 
depending upon the thickness of the overlay and the charac- 
ter of the basic bearing material underlying the steel backing. 

FATIGUE STRENGTH: Bearing fatigue, the subject of the 
symposium, shows up in bearing metals the same as in steel; 
cracks will develop if the load and temperature conditions 
are sufficiently severe. Well known examples are connecting 
rod and main bearings in internal-combustion engines, which 
are subjected to rotating loads, and piston pin bushings, 
which are subject to alternating loads. When a large enough 
portion of bearing surface has fatigued, the oil film condi- 
tions deteriorate to the point where failure by overheating 
quickly follows. 

The operating conditions, especially time and tempera- 
ture, the design of the bearing supports, and the amount 
of journal flexure have so much influence that it is difficult 
to state specific loads. However, in Table Il a guide to the 
maximum load is given. 

The methods and techniques of manufacturing these 
metals for plain bearings affects their fatigue life. For ex- 
ample, performance of the lead-base and tin-base babbitts 
has been improved by precision manufacturing to obtain 
thin layers. 
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The fatigue strength of aluminum alloys reach their high- 
est value when securely bonded to a steel back!*. However, 
long life is found with solid aluminum alloy bearings® when 
the shells can be made quite thick and the temperature rise 
is not sufficient to cause permanent set. 








Fig. 1 (left), Fig. 2 (center), Fig. 3 (right). 


Silver is a specialized bearing material used in aircraft 
engines because of its high fatigue strength®. 

The aluminum alloy, silver, and copper-lead bearings are, 
in the latest practice, used with a thin overlay (.001” thick- 
ness or less) or lead-base babbitt to aid in the “breaking in” 
process and for more tolerance to dirt and journal imper- 
fections. 





Fig. 4 (left), Fig. 5 (center), Fig. 6 (right). 


CORROSION RESISTANCE: Bearing metals of copper, 
lead, copper-lead and cadmium that are unalloyed are sub- 
ject to attack by lubricating oils containing acids, or which 
become acidic through oxidation. (See Fig. 3). Silver is most 
seriously attacked by compounds containing active sulphur 
in lubricating oils. Alloying zinc with copper greatly retards 
corrosion of copper by sulphur, and can be used in applica- 
tions calling for E. P. gear oils. However, as pointed out in 
Table |, addition of zinc to copper impairs its anti-friction 
or anti-seizure properties. 
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Lead-base alloys containing over 3% tin or not less than 
1% tin and suitable amounts of antimony, arsenic or indium 
are protected from acidic lubricants. Cadmium bearings can 
be protected by very small amounts of indium® 7°. 

In Table IV, the common bearing metals are classified 
as to their resistance to corrosion. The table should be used 
with discretion since the “intermediate” and ‘‘corrodible” 
alloys may reverse their activity in the presence of certain 
lubricants. The almost universal practice of marketing lubri- 
cating oils with detergents and inhibitors has greatly dimin- 
ished the possibility of bearing corrosion. However, lubri- 
cant specialists should be consulted as to the type of oil 
to be used. 
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COST: The selection of the proper metal for a bearing 
may, more often than not, be influenced by cost. There are, 
no doubt, instances where the cost of a single bearing may 
be small as compared to the total cost of the machine. This 
is not an engineering justification for deliberately using sil- 
ver if a simple bronze bushing would be satisfactory. The 
approximate order of increasing cost is shown in Table V. 


TABLE IV TABLE V 


Bronze Bushings 

Aberin alloys Leed Base Bebbert 

babbier Tin Bese Bobbitt 

a — Sintered Copper—Nickel Filled with Lead Babbitt 

Bronzes (Low bleed) Aluminum Alloys (Sold) 
Codmium Alloys 

(CTERMEDIATE 
Bronies (Migh lead) Copper-Leod with Thin Overicy 
we Aluminum Alley with Thin Overloy 
Silver (Attacked by sulphur under certain conditions) Stiver with Thin Overlay 


Codmium alloys 


COMMERCIAL BEARING METALS — BABBITT METALS: 
Generally, in choosing a bearing metal, the babbitts should 
be given the first consideration. Tin-base and lead-base 
babbitts are easily handled and, with the exception of 
simple bronze bushings, have the lowest costs. It is neces- 
sary with either the tin-base or lead-base babbitts to have a 
minimum lining thickness properly bonded to a steel back, 
consistent with the embedability and conformability require- 
ments of the application, to secure maximum load-carrying 
ability and fatigue life at elevated temperatures. 


TABLE Vi TABLE Vil 


SAL STANDARD BABSITT METAL! 





TABLE Vili 
S.A.E. STANDARD BRASS AND BRONZE BEARING ALLOYS 
6 PERCENTAGE 
SAEG2 | SAEOS | SAEOBA | SAE791 | SAE792 | SAE793 | SAE794 | SAE79S 
Cos Cost Cost | Rolledor | Cast Cou Cost | Rolled or 


remoinder 





war 
tam oO 


6 ALLOYS S.A.E. STANDARD CADMIUM BEARING ALLOYS 





Babbitt linings of .003” to .008” thickness are common 
practice in commercial automotive engines with .002” the 
low limit on babbitted-in-place bearings. Large stationary 
engines use thicknesses from .020” to .060”. The SAE 10 
(tin base) and SAE 14 (lead base) are typical. There are 
numerous variations in composition, but it has been found 
difficult to show differences in fatigue life if the lining is in 
the order of .002” to .004” thick. Table YI shows the SAE 
Standard Babbitt Metals. 

COPPER-LEAD ALLOYS: Copper-lead bearings are 
backed by steel to give strength and rigidity. They are 
widely used where loads are higher than can be carried on 
babbitts, and are made by casting! or by the sintering 

(Continued on page 312) 
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ABSTRACT: This paper describes the composition and construction of 
sleeve bearings in common use. The effects of design and operating con- 
ditions upon fatigue are illustrated. The comparative resistance to fatigue 
of various bearing materials are shown in tabular form. Some not too 
well recognized types of fatigue are discussed. Erosion as a specialized 
form of bearing fatigue is described and remedies proposed for its elimina- 
tion. Fatigue as an aftermath of lead corrosion in copper-lead bearings is 
illustrated. 


COMPOSITIONS: Fatigue in sleeve bearings does occur in 
many instances, unfortunately, but it can usually be avoided 
by proper attention to design. Sufficient data have been 
accumulated during the past decade on bearing materials 
and construction and engine design to enable the bearing 
design specialist to avoid the pitfalls and the resultant pen- 
alty of “tired” bearings. 

Due to the endless variety of design and operating con- 
ditions to be met in sleeve bearing applications, no hand- 
book has yet been evolved which will enable the new- 
comer to learn the art in five easy lessons. As a small step 
in this direction, this paper will describe several features 
of bearing construction and design which should aid in 
avoiding bearing fatigue. 

Numerous compositions of bearing materials have been 
“cooked up” in the quest for inherently higher fatigue life 
than possessed by babbitts. Some of the ones in common 
use are shown in Table |. In the upper section are listed the 
“bimetals." Experience soon showed that increased fatigue 
resistance was gained at the expense of good frictional 
properties, and it was found necessary to resort to the use 
of hardened journals. The various bronzes, copper-leads, 
silver and aluminum are in this category. 

To regain the excellent frictional and embedability 
properties of the babbitts without surrendering the improved 
fatigue resistance of these newer materials, a thin layer of 
the soft babbitt or babbitt-like substance was super-imposed 
on them, resulting in the “tri-metals” shown in the lower 
section of Table I. 

Present manufacturing methods permit the fabrication of 
trimetals either by casting or electro-plating the surface layer. 
The electro-plated surface layers or “overlays commonly 
used are also shown. The minor constituents in these overlays 
serve to inhibit the lead against corrosion and to harden 
and increase their fatigue strengths. These overlays are 
generally meant to be more-or-less permanent running sur- 
faces and not merely run-in surfaces. 

* Sponsored by the Technical Committee on Bearings and Bearing Lubrica- 
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FATIGUE RESISTANCE: The relative fatigue resistances of 

the commonly used bearing materials, starting with the 
highest values, are as follows: 1. Trimetal (F-77), 2. Leaded 
bronze with .001” overlay, 3. Silver with overlay, 4. Alumi- 
num alloy (solid construction), 5. Copper-lead (F-12), 6. 
Lead-base Micro Babbitt (.004” thick), 7. Tin-base Micro 
Babbitt (.004” thick), 8. Cadmium alloys, 9. Lead-base Bab- 
bitt (.020” thick), 10. Tin-base Babbitt (.020” thick). 
The gap between the babbitts and the bronzes and 
silver is quite large. The fatigue resistance of both the solid 
aluminum and the steel-backed aluminum is somewhat 
better than that of the copper-leads but lower than that of 
the bronzes and silver. 

CONSTRUCTIONS: To permit the achievement of the 
highest fatigue life of the materials available, it was found 
necessary to use them in thin layers. The common construc- 
tion of the bimetal and trimetal bearings is shown in Table 
Il. Note the very thin layers of babbitt used. A very con- 
siderable increase in the fatigue life of babbitt bearings was 
obtained by reducing the lining thickness to .002/.005”. The 
variation of fatigue life versus babbitt lining thickness is 
shown in Fig. 1, as established by bench rig, dynamometer 
and field tests. 

The ultimate in fatigue life of babbitt bearings is ob- 
tained in the construction with .001” lining thickness. This 
can be supplied in either a cast or electro-plated layer. In 
this case, the bearing is precision finished so that no further 
machining is necessary. 

The bronzes, copper-leads and silver lining thicknesses 
are usually in the order of .020/.025” and are not as 
critical as the thickness of babbitts due to inherently higher 
physical strengths of these materials. There is revived interest 
in steel-backed aluminum alloys, and considerable effort is 
being expended in developments involving bonding tech- 
niques and achievement of the optimum composition from 
hi viewpoint of good frictional properties and embeda- 

lity. 

TYPES OF FATIGUE: Fatigue failures of sleeve bearings 
may be due to many causes. One of the common causes is 
localized edge loading. This can result either from ex- 
cessive shaft deflection or an hour-glass contour due to 
improper deflection or an hour-glass contour due to im- 
proper machining of the shaft or housing. A typical overall 
fatigue failure may be due to overstress. High operating 
temperatures are often a contributing cause. 

In Fig. 2 is shown a fatigue failure of a copper-lead 
bearing more commonly called “spalling.” The basic cause 
was removal of lead from the surface layer by oil corrosion 
and subsequent fatigue of the remaining, fragmentary 
copper layer. The obvious remedy is to select lubricants and 
adjust engine operating conditions so that they will not be 
conducive to the formation of harmful acids. 

A special form of fatigue common in varying degrees to 
many bearing materials when operated under conditions of 
high impact loading shown in Fig. 3. 
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This Phenomenon frequently occurs in high speed plane- 
tary reduction gear pinion bearings as the result of shock 
loads caused by the gear tooth mating action. In some 
cases the forces have been severe enough to cause erosive 
fatigue to a depth of 1/32” in a steel journal. The same 
type of damage has been found in connecting rod bearings 
in Diesel engines and in master rod bearings in aircraft 
engines. The basic forces causing damage in these instances 
appear to be the high peak gas pressures associated with 
detonation. 

The theory behind this phenomenon is not too clearly 
defined at present but some studies are underway which 
may lead to a better understanding of the matter. One of 
the present theories is that bubbles form in the cavitation 
region where the absolute pressure has dropped below 
the vapor pressure of the liquid. These vapor-filled bubbles 
then travel to some other point in the bearing where the 
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Fig. 1 (left) Bearing life in hours vs. temperature and babbitt thickness. 


Fig. 2 (right) Surface fatigue resulting from lead corrosion. 
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Fig. 3. (left) Cavitation erosion type of fatigue. 


Fig. 4 (right) Bearing oil spill temperatures at various clearances. 


velocity head decreases and the pressure head increases, 
causing collapse of the bubbles. The rate of collapse actually 
determines the pressures produced, and it is commonly 
believed that pressures on the order of 50,000 p.s.i. can be 
produced over microscopically small areas. The repeated 
hammering, due to the collapsing bubbles, will fatigue and 
remove sections of the bearing materials. 

The problem has been attacked in a practical manner, 
and some relief measures may be applied as follows: 1. 
At least two investigators, our own Research Division and 
MIT, have duplicated the phenomenon on bench test rigs 
(magneto-striction vibrators) and have catalogued the 
commonly used bearing materials in regard to their re- 
sistance to cavitation erosion. These data have not been 
published but are taken into account by bearing engineers 
when selecting materials for applications wherein cavitation 
erosion is likely to occur. 2. It has been found that high 
bearing operating temperatures adversely affect cavitation 
erosion. The lowering of the lubricant viscosity appears to 
be the significant factor rather than the high temperature 
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per se. Under given test conditions the bearing damage was 
five to ten times as great at 300 F. as at room temperature, 
depending on the material. Use of as high as possible 
viscosity of the lubricant at operating temperature is, there- 
fore, indicated. 3. In some cases, a solution to the problem 
was found in a rearrangement of oil hole locations, grooving, 
etc. 4. In view of the magnitude of the forces causing the 
damage, the best approach to the problem may be an 
attempt to eliminate the basic cause. Two methods have 
been used successfully in the case of sleeve bearings in- 
stalled in gears: (a) DAMPENING THE SHOCK IMPULSES: 
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CAST TRIME TAL 
(OVERLAYS) 
MATERIAL NOMINAL COMPOSITION - % FORM 
DESIGNATION SPEC] COPPER TIN LEAD wolum CONSTRU CTION 
LEAD-TIN-COPPER (P-77) 2+ 10 87> ELECTRO CO-DEPOSIT 
|LEAD -TIN (P-78) 10 90 ELECTRO CO-DEPOSIT 
|COPPER-TIN (P-89) 3 97 ELECTRO CO-DEPOSIT 
L 
| LEAD -INDIUM (P-82) 94 6 PoLoweD BY OIFFUSION 
| TREATMENT 
Table |. Commonly used bearing materials in automotive, diesel, and 
aircraft applications. 
BIMETALS 
MATERIAL LINING THICKNESS OvERL Ay BACKING 
CONVENTIONAL TIN OR LEAD SAE 1010-1020 STEEL 
% 020° NONE THICKNESS VARIED Ti 
BASE BABBITTS (F-1 & F-11) SUIT INDIVIDUAL DESIGN 
MICRO, TIN, OR LEAD BASE | 002/,005"RoDs 
BABBITTS (F-1 & F-11) 004/007" mains 5 r 
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(F-5 & F-7) 020° . . 
COPPER LEADS 
(F-12 & F-14) 020 : : 
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Table II. Construction of bimetal & trimetal bearings. 


This can be accomplished to a degree by the introduction of 
an extra oil film between the bearing and the source of 
shock impulses. Either a full-floating bearing or a bearing 
designed to float in its housing but constrained against 
rotation would theoretically attain the objecive. Experience 
has shown, however, that full-floating bearings do not float 
under all conditions of operation and their theoretical ad- 
vantages cannot be realized. A bearing designed to rotate 
with the gear but with an oil film clearance on the O.D. 
and restrained against rotation has been found to give 
improved performance under conditions which would se- 
verely damage a normal, pressed-in type of bearing. (b) 
SMOOTHING-UP GEAR ACTION: This can be accomplished 

{Continued on page 313) 
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ABSTRACT: Bearing fatigue failures, in general, are not influenced directly 
by the lubricant. However, by preventing excessive bearing temperature 
rises, by wearing-in or effecting highly polished surfaces, by protecting 
against corrosion and by sealing against contaminants, the lubricant may 
often play an indirect rule in minimizing metallic fatigue. This paper deals 
with the treatment of such factors insofar as bearing fatigue failures are 
concerned. Examples are cited, taken both from the literature and from 
actual field experience, to illustrate the effectiveness of the lubricant in 
this respect. 

Bearing fatigue failures, in general, are not influenced di- 
rectly by the lubricant. For this reason, it is not uncommon 
for the statement to be made that this type of bearing 
failure is metallurgical in nature and that the condition 
cannot be prevented by lubricating oil or grease. Although 
this statement applies in by far the majority of cases, the 
lubricant may often play an indirect role in minimizing 
fatigue. 

At the outset, it should be stated that the term “bearing 
fatigue” as used in this paper refers to a metal failure which 
results from its having been subjected to a large number 
of cyclic stresses below the tensile strength of the metal. 
In this discussion, the following three different causes of 
fatigue are recognized: (1) Localized stresses due to rough- 
nesses, which may result in pitting: Metal surfaces are not 
perfectly smooth and even when finish is good, surface ir- 
regularities exist. When two such dry surfaces are in contact 
under load without motion, high spots deform permitting 
more and more surface contacts until the load is supported. 
Under these conditions, the load is not evenly distributed, 
but is concentrated on the high spots which may be stressed 
above their endurance limit, depending upon the load and 
smoothness of finish. If cyclic heavy loads are imposed on 
these surfaces, the high spots are repeatedly subjected to 
high localized stresses until fatigue of the metal causes 
minute particles to break away and form pits. Where full 
fluid films of lubricant are interposed between the surfaces, 
the high spots are not in contact and this type of fatigue 
pitting will not occur. Under conditions of boundary lubrica- 
tion, the films of lubricant are so thin that some of the high 
spots touch, and repeated loading will cause the fatigue 
thereof and the formation of pits. This type of fatigue may 
occur at the pitch line of gears and in anti-friction bearings, 
but will not develop in boundary lubricated plain bearings, 
because sliding action wears away the high spots before 
* Sponsored by the Technical Committee on Bearings and Bearing Lubrica- 


tion and presented at the 7th Annual Meeting, ASLE, Cleveland, April 8, 
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fatigue occurs. As will be explained later, the lubricant can 
sometimes protect against pitting from this cause under 
conditions of boundary lubrication. (2) Localized stresses due 
to stress raisers, such as cracks, pits and dents, which may 
lead to fatigue: Bearing surfaces may contain invisible cracks 
as a result of improper grinding, or cracks may develop 
subsequently because of local heat stresses. These cracks, and 
pits which may be caused by corrosion, tend to produce 
localized stresses that are materially higher than elsewhere 
in the metal. When high local stresses are cyclic and above 
the endurance limit of the metal, the surface cracks may 
extend and pits develop further until failure occurs. The 
lubricant can be effective against this type of fatigue only 
insofar as it can prevent the formation of the initial stress 
raisers. (3) Subsurface stresses due to high compressive loads, 
which may result in spalling: Because of metal elasticity, 
when two heavily loaded surfaces roll or slide together, a 
wave tends to form and move ahead of the area of contact. 
Under heavy loads, the metal below the surface of the 
wave may be stressed beyond its endurance limit. When 
subjected to repeated stresses of this nature, subsurface 
fatigue failures eventually occur and relatively large flakes 
of metal are rolled or spalled from the surfaces. Our experi- 
ence indicates that the lubricant is ineffective in protecting 
against this type of fatigue failure, except insofar as it is able 
to prevent bearing temperatures from rising excessively. 

In the present discussion, scored or galled bearing 
surfaces, which result from failure of the oil film to carry 
the load, either because the operating conditions were ab- 
normally severe or because the oil was incorrectly selected 
or applied, are not being considered, since they are not of 
a fatigue nature. Also, cyclic stresses that develop from 
flexing of a bearing due to inadequate supporting members 
are outside the scope of this paper. 

Fatigue eventually occurs in a bearing when cyclic 
stresses produced in the metal exceed a certain minimum 
value, which depends upon the composition of the metal 
and other factors, such as temperature, surface smoothness, 
etc., during the stress cycles. The requirement of cyclic stresses 
is found in all anti-friction bearings, because, when the 
rolling elements pass through the load area, each is subjected 
to applied stresses which are relieved as the ball or roller 
leaves that area. Anii-friction bearings are normally selected 
in any given application so that the stresses that occur are 
not sufficiently high to cause fatigue failure before a pre- 
determined desirable period of operation has resulted. 

A plain bearing that is subjected to a steady load that 
varies little in the direction or magnitude will not show 
fatigue failure. However, plain bearings of all reciprocating 
engines are subject to cyclic stresses, as well as plain bear- 
ings in mther operations where cyclic shock loading exists. 
This shovld not be construed to mean that fatigue failures 
are com:non in plain bearings operating under these types 
of loads. Actually, in most industrial applications involving 
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steam engines, air compressors, reciprocating pumps, etc., 
unit loading on plain bearings is normally below values that 
produce fatigue, and bearing failures from this cause are not 
common. The bearings of internal combustion engines, how- 
ever, are designed for high loads; and small misalignment, 
poor fits and high local temperatures sometimes result in 
stresses that cause fatigue cracks and pitting of the metal. 

In the analyses of the causes and means for preventing 
bearing failures, the effects of lubricant viscosity, film 
strength, rust preventive properties and ability to prevent 
ingress of contaminants into the bearing are subjects for 
consideration. A review of the role of the lubricant as 
related to bearing fatigue is discussed in this paper under 
these four subject headings. In view of the large amount 
of data that have been obtained in studies of fatigue failure 
of gears and the possible relationship thereof to bearing 
problems, several references are made in this discussion to 
the results of this work. 
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Fig. 1 {left) Effect of apparent viscosity on bearing temperature. 


Fig. 2 (center) Fatigue strength of tin base babbitt vs. temperature. 


Fig. 3 (right) Influence of temperature on ball bearing life. 


EFFECT OF LUBRICANT VISCOSITY: Obviously, a bearing 
that is supporting dynamic loads sufficiently heavy to cause 
fatigue would quickly gall and seize if it were operated 
without lubrication. Under these conditions, it could not 
operate long enough for the metal to fail by fatigue. How- 
ever, with the correct lubricant in service, the bearing could 
be employed without galling or excessive wear even though 
loads were sufficiently high to cause surface fatigue of the 
metal. 

Under conditions of hydrodynamic lubrication, the lubri- 
cant, as a result of its viscosity and ability to adhere to 
metals, is capable of materially spreading the load, and 
reducing the maximum compressive stress in the bearing 
metal. For example, using an oil having a Saybolt viscosity 
of 185” @ 100 F., S. A. McKee and T. R. McKee! measured 
maximum oil pressure of 105 Ibs./sq. inch in a bearing of 
0.8753” in diameter and one inch long, which operated at 
244 rpm under a load of 25 lbs. Under these conditions, the 
compressive stress in the metal failed to exceed 105 Ibs./sq. 
inch. If the lubricant were not present, the journal under the 
same 25 |b. load (28.5 Ibs. per sq. inch of projected bearing 
area) would produce a maximum Hertz compressive stress 
in the bearing of 890 Ibs./sq. inch, or nearly nine times the 
stress produced when the bearing was lubricated with a full- 
fluid film. 

In the above example, the bearing was lightly loaded. 
Under proper conditions of speed and oil viscosity, loads can 
readily be carried without danger of fatigue, but which, with- 
out the lubricant, would produce stresses beyond the endur- 
ance limit of the bearing metal. In fact, in properly lubricated 
bearings, such high loads can be carried on fluid films that 
the oil pressure developed in the film may be above the en- 
durance limit of usual bearing materials. The loads on the 
bearings of many internal combustion engines, for example, 
have progressed beyond the fatigue limit of the softer alloys, 
and have led to the use of harder materials which have 
greater resistance to fatigue. In this connection, ii is of inter- 
est to note that a modern automotive babbitt bearing often 
consists of a thin layer of babbitt (0.002 inches to 0.005 
inches) which is chemically bonded to a steel back. The re- 
duction from a relatively thick to a very thin babbitt facing 
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has increased fatigue life of the bearing by many fold. 

Since the endurance limit of metals generally decreases 
with an increase in temperature, the operating temperature 
of a bearing can be a factor that determines the load ca- 
pacity of a bearing from the point of view of fatigue. An 
important role of the lubricant is to maintain bearings at 
reasonable temperatures. Two conditions, which are encoun- 
tered in bearing installations, are (1) where high tempera- 
tures may result because of heat flowing to the bearing from 
an outside source, and (2) where excessive frictional heat is 
developed in the bearing itself. By circulating ample quanti- 
ties of oil to bearings subjected to induced heat, normal bear- 
ing Operating temperatures can be maintained. The front end 
bearings of many modern steam turbines, which are close 
to a zone through which steam at 1000 F. is flowing, are 
examples of bearings in which the lubricant must also func- 
tion as a cooling medium. 

It is well known that bearing friction, and hence tempera- 
ture rise, is directly affected by the viscosity of the lubricant. 
Marked differences in bearing temperature rises can readily 
be demonstrated by employing, in plain or anti-friction bear- 
ings, greases having widely different apparent viscosities. 
Two such lubricants with apparent viscosities of 32 and 160 
poises respectively at 100 F. and shear rates of 1000 recip- 
rocal seconds have shown equilibrium bearing temperatures 
that differ by 150 F. when used in 80 mm-OD cartridge-type 
ball bearings, operating at 3400 rpm. Fig. 1 shows the actual 
operating temperatures in these bearings. 





Fig. 4 {left) Section of rock drill piston showing cracked surfaces. 


Fig. 5 (center) Rollers before and after needle bearing tests: (1) New 
roller, (2) Used roller—special lime base grease without EP additives, (3) 
Used roller—special lime base grease with EP additives. 


Fig. 6 (right) Corrosion-fatigue in spherical roller bearing. 


The extent of change of the fatigue limit of a bearing 
metal with an increase in temperature depends on the metal 
itself. Boegehold? has shown, for example, that the endur- 
ance limits of notched specimens of carburized gear steels 
are lower at 250 F. than at room temperature. Crankshaw® 
and MacNaughtent have also reported data which indicate 
a relatively rapid decrease in the fatigue limit of tin-base 
babbitt with increase in temperature (Fig. 2). On the basis 
of these data, the load that could be safely carried by a 
tin-base babbitt bearing operating at 130 F., from the view- 
point of fatigue endurance, would be reduced by obout 60 
per cent by increasing the bearing temperature to 300 F. 


TABLE I—NEEDLE BEARING TEST 
Av. Bearing Condition of 


Temp. Rise Rollers just 
Above Ambient F Hrs. to Failure Prior to Failure 


Special Lime-Base Grease 60 400-600 Spalled areas 
without EP additives 
Special Lime-Base Grease 63 400-600 Spalled areas 


with EP additives 


Likewise, the life of conventional type anti-friction bear- 
ings is reduced when high operating temperatures are in- 
volved. Although no specific data would appear to have 
been published indicating the change in anti-friction bearing 
fatigue life with an increase in temperature, Allen® has sug- 
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gested that it would be safe to assume that rated bearing 
capacity is permanently reduced by about 10% at 300 F., 
25% at 400 F., and 40% at 500 F. On this basis, by apply- 
ing these values to Manufacturers’ Life or Safety Factors, a 
curve showing the effect of temperature on bearing life can 
be obtained, similar to that shown in Fig. 3. In this particular 
case, the curve was derived considering an 80 mm. single 
row angular contact light series ball bearing operating at 
500 rpm. and under a combined radial and thrust load of 
1403 Ibs. 

In addition, wide temperature changes can produce 
stresses within the metal of plain bearings that can cause 
fatigue. These stresses occur because of two separate effects: 
(1) as a result of the difference between the coefficient of 
thermal expansion of the bearing metal and the steel shell 
to which it is bonded, and (2) as a result of the thermal 
behavior of anisotropic solids. 

With respect to the first of these effects, tests carried out 
by MacNaughton‘ show that stresses in the white metal after 
casting onto a steel shell and cooling to room temperature 
are found to be high and of the order of magnitude of the 
yield strength of the white metal. Upon remaining at room 
temperature, these stresses are reduced only by creep. If, 
however, the white-metalled shell is subsequently heated to 
300 F., the stress in the metal soon drops to a small value, 
due to rapid relief of stress by a high rate of creep. On sub- 
sequent cooling to room temperature, the stress in the bear- 
ing metal regains its original high value. These tests seem to 
indicate that a cycle of operation and cooling down after 
shutdown subjects the metal at the interface to a consider- 
able stress cycle, which, if of sufficient magnitude and fre- 
quency, could cause fatigue. 

Frictional heat generated during operating may raise the 
temperature of local surface areas to quite high values, 
particularly if loads are heavy and lubrication is not ade- 
quate. Bowden® points out that in a polycrystalline specimen 
of an anisotropic metal, the orientation of any two neigh- 
boring grains will generally be dissimilar, so that when the 
metal is heated, the expansion on two sides of the grain 
boundary is different. The stresses set up are usually suffi- 
cient to produce plastic deformation and slip in the crystals, 
and the amount of deformation will increase with the number 
of cycles. Tin base babbitt has this characteristic to a marked 
extent and again if temperature variations are sufficiently 
great and frequent, thermal fatigue will result. To prevent 
fatigue due to these causes, the role of the lubricant as a 
coolant and as a lubricant cannot be minimized. 

Surface fatigue failures sometimes occur which cannot be 
satisfactorily explained on the basis of design stress consid- 
erations, but which are due to the unit being subjected to 
imposed vibrations which are at its critical frequency. Under 
these conditions, high peak stresses may develop within the 
metal which exceed the endurance limit of the material. 
Gear-tooth failures from this cause have been observed in 
service installations and have been corrected by changing 
the frequency of vibration imposed on the unit. Changes in 
film strength or viscosity characteristics of the lubricant have 
shown no effect in retarding or preventing fatigue of this 
nature. 

Reference should be made to the works of Buckingham’ 
and Way%, who have carried out extensive investigations on 
gear-tooth surface failures. Buckingham's tests have indi- 
cated that by straining the metal under high contact stresses, 
cracks will start below the surface of the metal, and subse- 
quently extend to the surface and result in spalling. Way, 
however, reported only surface cracks due to stresses arising 
from surface irregularities, and pointed out that the lubri- 
cant entering these cracks produced a fluid pressure that 
caused the cracks to grow and eventually forced out pieces 
of metal leaving pits. Also, Way found that, in his particular 
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test equipment, an increase in viscosity of the lubricant above 
a certain critical value effectively increased the load that 
could be carried without pitting. The viscosity required to 
effect this improvement, however, was higher than any prac- 
tical value that could be used in the lubrication of enclosed 
gears. 

Because of the many variables involved, fatigue data of 
this nature cannot be applied directly to bearings. However, 
there have been indications from field service experience 
that fatigue failures of diesel engine main and crankpin 
bearings ceased after the next heavier grade of oil was put 
in use. Furthermore, Hunt® has recently reported that endur- 
ance lives of main-rotor anti-friction bearings of British avia- 
tion gas turbines increase as the viscosity of the mineral oil 
is increased from 37 to 98 S.S.U. at 210 F. (3.15 to 20.0 
centistrokes at 210 F.). 

EFFECT OF FILM STRENGTH IMPROVING ADDITIVES IN 
THE LUBRICANT: As previously stated, operating bearing 
temperature levels can frequently be decreased through the 
use of correct-bodied lubricating oils or greases. Likewise, 
under conditions of heavy loads, where continuous hydro- 
dynamic films cannot exist, equilibrium temperature levels of 
rubbing surfaces can sometimes be lowered through the use 
of so-called film-strength improving additives, which function 
by forming tenaciously held films on the load-carrying areas. 
In such cases, by preventing high-surface temperatures, 
thermal cracking and subsequent fatigue of the surfaces can, 
in some applications, be delayed or prevented. 

An example that might be cited is encountered in rock- 
drill lubrication. Because of the very high speed reached by 
the piston of a modern drill as it travels back and forth two 
thousand times a minute, and the high load between the 
flutes of the rifle bar and piston and their rotating nuts, any 
failure of lubrication results in friction and local spin tem- 
failure of lubrication results in friction and local skin tem- 
peratures that are extremely high. This high temperature 
causes thin surface layers to try to expand in all direc- 
tions, but the relatively cold interior metal restrains expan- 
sion in any direction except directly outward. Thus, the 
metal is compressed beyond its elastic limit, and, on cooling 
is stressed in tension. If these tension stresses are sufficiently 
great, surface cracks will result that act as stress raisers and 
subsequently will lead to fatigue and premature failure. A 
view of the cracked surface of a rock-drill piston is shown 
in Fig. 4. It will be noted that a surface crack has extended, 
as a result of fatigue, and a large piece of metal has cracked 
out. When this condition is caused by insufficient film strength 
of the oil, it can be corrected by employing a suitable oil 
containing extreme-pressure type materials. In other words, 
through the use of an extreme-pressure lubricant, fatigue in 
this instance can be prevented by effecting lower tempera- 
tures of the rubbing surfaces. 

Some lubricating oil additive materials, such as certain 
type phosphorus-containing compounds, have the capacity 
to “chemically polish'’ metal surfaces and thereby effect an 
improvement in surface smoothness. Such additives would 
appear to function by forming a low-melting eutectic with 
the surface asperities (minute peaks) which are polished away 
by the rubbing action. It is possible, therefore, in some in- 
stances to decrease surface roughness and effect better dis- 
tribution of the load on bearing surfaces through the use 
of the proper type of additive material. Fatigue pitting due 
to surface roughness has been prevented by this means. In 
one such instance, moderately loaded, fairly large roller 
bearings, which had outer-bearing race surface roughnesses 
of 25-50 micro inches (rms), pitted as a result of fatigue in 
less than 1,000 hrs. when operating at 75-150 rpm and at a 
temperature of 275-300 F. The lubricant used was a non-EP 
type oil, having a Saybolt viscosity of about 600 seconds at 
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Lubrication 
Summarized 


FUNDAMENTALS -OF -HYDRODYNA- 
MIC LUBRICATION (Abstract) 
by M. D. Hersey, U.S. Naval Engineer- 
ing Experiment Station, presented 
at Ist National Symposium on Fun- 
damentals of Friction and Lubrica- 
tion in Engineering, ASLE, Chicago, 
September 8, 1952 
Hydrodynamic lubrication means fluid 
film lubrication as distinguished from 
boundary, or “adsorbed film" lubrica- 
tion. The first fundamental is to be 
sure to have enough lubrication fluid 
present to separate the surfaces. A 
second fundamental aims to have noth- 
ing but the lubricant present; avoiding 
aeration, and abrasive particles be- 
tween the two surfaces. The size of grit 
particles limits the safe film thickness 
and load capacity. 

A third requirement is to provide 
some kind of geometrical restriction, 
so as to build up pressure when the 
fluid is dragged into the restricted 
space by the moving surface. The re- 
striction may be an abrupt step or 
dam, as in Rayleigh’s bearing; a flat 
taper as in thrust bearings; or a curved, 
crescent taper as in loaded journal 
bearings. This pressure supports the 
load, and is distributed over the sta- 
tionary surface in such a way that the 
resultant is equal and opposite to the 
load on the bearing. 

Good adhesion is required between 
fluid and solid. If ‘slip’ should occur, 
no pressure could be built up in front 
of the restriction. It is probable that 
all ordinary fluids adhere perfectly. 
The fluid must also be viscous, or it will 
immediately be squeezed out. Viscosity 
is necessary to maintain the pressure 
build-up and prevent contact. Without 
viscosity, the fluid could not be dragged 
along by the moving surface and forced 
against the restriction. 

Viscosity causes frictional resistance, 
power loss, and heat generation. It 
should therefore be no greater than 
necessary to support the load. Viscosity 
is defined as the ratio of the applied 
shear stress to the rate of shear pro- 
duced. Ordinary fluid lubricants follow 
Newton's law, according to which the 
rate of shear is directly proportional to 
the shear stress. By means of this law, 
both fluid friction and film thicknesses 
can be calculated in many applications. 

Some lubricants, notably greases, do 
not follow Newton's law. Other exam- 
ples are oils below their pour point, 
and oils solidified under high pressure. 
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The laws governing shear stress and 
rate of shear in such materials are 


called “rheological laws,’ meaining 
laws of flow. In a perfectly plastic ma- 
terial there is no shearing deformation, 
or flow, until the shear stress exceeds a 
certain value. A live question of the 
day isto discover the limiting shear 
stress, if any, above which straight min- 
eral oils may become “non-Newtonian.” 

The lubricant itself is the source of the 
frictional heat. Under hydrodynamic 
conditions this heat does not originate 
in the metal, or at the interface. Hence, 
the lubricant cannot act as a coolant 
in the ordinary sense. Outflow of lubri- 
cant is required in order to prevent ac- 
cumulation of heat. 

To initiate hydrodynamic action with 
minimum wear, motion may be started 
without load or by “hydrostatic lift.” 
Professor Fuller has modernized and 
extensively applied the principles of 
hydrostatic lubrication, supporting the 
bearing loads continuously by pressure 
from an outside source. Lubrication may 
also be accomplished by thermody- 
namic action, as discovered by Fogg. 
The cooler: fluid at the entering edge 
heats up during its passage through the 
film, developing pressure by its effort 
to expand. This pressure supports the 
load. 

The viscosity of a lubricant is its most 
important physical property. Viscosity 
varies with pressure and temperature. 
Starting with a medium grade mineral 
oil at 210 F., the application of 10,000 
pounds per square inch increases the 
viscosity three or four fold. This effect 
is equivalent to a drop in temperature 
of 40 to 50 degrees F. At still higher 
pressures, the effect is greatly intensi- 
fied. Both Stanton and Needs have 
demonstrated the reality of the pres- 
sure-viscosity effect by journal bearing 
experiments. Needs and others have 
shown that the low-friction character- 
istic (or “oiliness") of fatty oils under 
heavy loads may be very largely ex- 
plained by the pressure-viscosity effect. 

In geometrically similar, steady-load 
bearings the coefficient of friction and 
relative film thickness depend primarily 
on ZN/P, the product of viscosity by 
speed divided by the load per unit 
area. It follows that the load capacity 
of a steady-load bearing, for any 
chosen film thickness, is proportional 
to the product ZN, where Z is eval- 
vated at the effective temperature and 
pressure of the film. With rotating loads 
of constant magnitude and constant 
angular velocity, the same relation ap- 
plies, provided the equivalent speed N 
is taken equal to the journal speed mi- 
nus twice the load speed. 

Professor H. W. Swift has set up the 
appropriate differential equations for 
dynamically loaded bearings in the 





general case, disregarding cavitation. 
A solution for Diesel engine connecting 
rod bearings was obtained by Professor 
Burwell at M.I.T., using the differential 
analyser. Further applications to engine 
bearings are very much in demand; and 
the underlying assumption that the 
clearance space is full of oil, with no 
cavitation, requires confirmation. 

Other recent advances are men- 
tioned, including the effects of tempera- 
ture gradients across the film, local elas- 
tic deformation, and roughness. It is 
pointed out that water and air should 
both serve usefully as lubricants in high 
speed bearings. While hydrodynamic 
principles can be simply stated, their 
application requires critical study and 
discussion. Consideration must be given 
to misalinement, thermal expansion of 
metals, large scale deformation under 
heavy loads, and oil-film whirl under 
light loads. Experimental technique must 
be continually improved to make dif- 
ficult measurements like film thickness 
and temperature distribution. 

Hydrodynamic lubrication offers un- 
limited life to bearing surfaces operat- 
ing under a steady load, and serves to 
reduce the stress concentrations under 
fluctuating loads. The future may there- 
fore see a more conscious effort toward 
design factors and operating condtions 
that will promote this type of lubrica- 
tion. The paper concludes with some 
reference to the larger sized thrust and 
journal bearings found in hydroelectric 
and marine service, and in rolling mills. 


FRICTION AND WEAR OF GRAPHITE 
AND OTHER LAYER-LATTICED SOLIDS 
(Abstract) 
by R. H. Savage, General Electric Re- 
search Laboratory, presented at Ist 
National Symposium on Fundamen- 
tals of Friction and Lubrication in 
Engineering, ASLE, Chicago, Sep- 
tember 9, 1952 
Experimental work on graphite sliding 
contacts of the past few years is briefly 
reviewed, and the frictional or wearing 
properties of several solids of laminar 
structure are compared, including 
graphite, molybdenum disulphide, bo- 
ron nitride and mica. Of these, the 
graphite showed low friction in air but 
not in vacuum, and required, at low 
pressure, vapors or other kinds of ad- 
sorbed films for maintenance of lubri- 
cating surfaces. MoS. operated with 
low friction both in air and in the ap- 
parent absence of vapors, [i.e., in a 
vacuum of 0.05 micron); BN showed 
high friction and rapid wear in vacuum 
and in-air, both moist and dry. 

These diverse results strengthen the 
view that the laminar structure does 
not alone satisfy the lubrication re- 
quirement, while on the other hand the 

(Continued on page 318) 
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Lubrication 
in the News 











ANTI-SEIZE, the new Molybdenum Di- 
sulfide lubricant, is a stable, non-melt- 
ing, multi-purpose lubricant with a 
phenomenal capacity to prevent seiz- 
ing and galling at bearing pressures 
well over 100,000 Ibs. per square inch; 
will lubricate at temperatures below 
sub-zero and up to 750 F. Bel-Ray’s 
unique homogenizing process and the 
use of special synthetic additives makes 
it possible for Anti-Seize to remain in 
suspension ten times longer than dry 
molybdenum disulfide when mixed in 
machine and cutting oils. Available in 
3 oz. tubes and 24 oz. cans. Write for 
illustrated bulletin: Bel-Ray Co., Inc., 
Green Village Rd., Madison, N. J. 


BUNG BUSHING BARREL PUMP, a new 
pull-type pump for all around can fill- 
ing use for light liquids, drops into drum 
opening and securely holds pump to 
drum. Fits snug around tube and pre- 
vents foreign matter from entering drum 
at this point; to operate: tighten thumb 
screw and lock both bung and pump 
with one operation; fits 11,’ and 2” 
openings on 15 to 55 gal. drums; all 
steel except spout. For complete in- 
formation write General Scientific Equip- 
ment Co., 2700 W. Huntington St., 
Philadelphia 32, Pa. 


CONSTANT TEMPERATURE CIRCULAT- 
ING SYSTEMS, for circulating liquids 
at controlled temperatures thru re- 
fractometers, viscometers, polarimeters, 
condensers, distallation colums, colori- 
meters, or any other instrument re- 
quiring circulation of tempered liquids, 
have been announced as _ follows: 
#£3052 is sensitive to plus or minus 
0.02 C., is easily set to desired tempera- 
ture thru Rota-Set mercury regulator; 
£3050 is sensitive to 0.25 C. Stainless 
steel thruout, all bronze centrifugal 
pump, sealed ball-bearing motor, built- 
in cooling coil, and large water ca- 
pacity for greater stability. For details 
write Labline, Inc., 217 N. Desplaines 
St., Chicago 6, Ill. 


FERROFILTER, permanent magnet sepa- 
rator equipment, is designed for the 
effective removal of abrasive ferrous 
particles and chips from circulating 
lubricating systems on machine tools, 
internal combustion engines, plant and 
process equipment; from hydraulic oil 
lines on hydraulic presses and hy- 
draulic systems of machine tool; from 
coolant systems on machining opera- 


tions. Write for Bulletin 50 fully illus- 
trated and including cross-sections to 
show how the units operate: S. G. 
Frantz Co., Inc., P.O. Box 1138, Tren- 
ton 6, N. J. 


FORCE FEED LUBRICATORS CATALOG 
for all types of machinery gives full 
details on Hills-McCanna open and en- 
closed type lubricators which are 
available in capacities from 2 pints to 
32 pints with 1 to 24 feeds per unit. 
Write for Catalog L-52, Hills-McCanna 
Co., 3025 N. Western Ave., Chicago 
18, Ill. 


GRACO BUS, TRUCK & FLEET CATA- 
LOG, No. 302, has been designed to 
show the operator how modern lay- 
out of the lubricating department with 
logically-arranged, time-saving equip- 
ment will help cut lube costs. Included 
in the catalog is the Graco Installation 
Planning Service, available to all fleet 
operators without charge. Write The 
Gray Co., Inc., 1014 Sibley St., Minne- 
apolis 13, Minn. 





GRAVITY FEED OILERS, newly devel- 
oped large capacity aluminum alloy 
bodied, are similar in appearance and 
supplement to the recently improved 
line of Small Capacity Gravity Feed 
Oilers; dependable in performance, 
modern in design, they are extremely 
sturdy and yet light in weight and 
therefore especially suitable for loca- 
tions where vibration is excessive. Drop 
feeding of oil is controlled by a pre- 
cision needle valve which can be 
opened or closed by a knurled cap 
screw. Smooth easy hairline adjust- 
ments can be made because of a novel 
friction lock arrangement and any 
setting can be locked if needed against 
severe vibration. A_ shut-off toggle 
starts or stops oil flow but does not 
effect the adjustment. For further in- 
formation on large capacity feed oilers 
write for Bulletin 61-11; for information 
on small capacity gravity feed oilers 
write for Bulletin 61-1. Oil-Rite Corp., 
2328 Waldo Blvd., Manitowoc, Wisc. 


LUBRICATION ENGINEERING, DECEMBER, 1952 


GULF SDL—"ALL-YEAR AUTOMOBILE 
FUEL SYSTEM CONDITIONER" — re- 
cently developed to answer a wide- 
spread demand for such a_ product 
among motorists consists of a complex 
blend of ingredients selected to allevi- 
ate the common troubles encountered 
in fuel systems. It contains solvents to 
remove harmful gum which may be 
present in carburetor and fuel systems; 
it protects against further gum forma- 
tion thus helping cleanse and . keep 
important parts free-operating. In mo- 
tor tune-up work, it aids in freeing 
sluggish or even lightly stuck valves; 
it is designed to aid in the lubrication 
of the upper cylinder region. As a 
drier, it absorbs moisture condensed in 
gas tank, fuel lines or carburetor thus 
providing an anti-freeze action for the 
fuel system; it helps to prevent engine 
stalling caused by formation of ice in 
the carburetor under certain atmos- 
pheric conditions. A corrosion inhibitor 
has been added with the aim of pro- 
tecting carburetor parts against corro- 
sion from moisture which may have 
condensed in the fuel system. The 
product is packaged in 12 oz. cans 
especially designed for ease of pour- 
ing into the gas tank. For further 
information write Gulf Oil Corp., Pitts- 
burgh 30, Pa. 





MODEL 3200 PORTABLE DRUM RO- 
TATOR, an improved rotator designed 
to agitate or mix drum contents up to 
500 Ibs. in 30 to 55 gal. drums, has 
been strengthened by a second hori- 
zontal steel brace which gives addi- 
tional support to the idler wheels. The 
position of the drive motor has been 
reversed to allow the idler reduction 
sprockets to be located inside the 
framework of the unit; the change in 
motor position and a new reinforcing 
vertical brace provide greater stability 
to the idler jackshaft. For further in- 
formation write Morse Mfg. Co., Syra- 
cuse, N. Y. 


MOLYKOTE—Type A, an effective lubri- 
cant for helping to overcome the energy 
waste in internal combustion engines 
and whose utilization of the peculiar 
characteristics of the unique molecular 

(Continued on page 317) 
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ASTM BULLETIN, No. 184, Sept. 1952, A Test 
for Aircroft Gear Lubricants, by E. A. Ryder. 
There was published in the Oct. 1947 ASTM 
BULLETIN under the title A Gear and Lubricant 
Tester a description of the Pratt & Whitney Air- 
craft bench machine for the testing of gear ma- 
terials and gear lubricants. Since that date, this 
machine has been put to use by several other 
laboratories and a large body of experience is 
now available. This machine offers a satisfactory 
method of assessing the anti-scuffing properties 
of gear lubricants, and its use is being called 
for in oil specifications. This article describes 
the current procedure for this purpose. 


AUTOMOTIVE INDUSTRIES, Vol. 107, No. 4, 
Aug. 15, 1952, Single Oil System for Engine and 
Torque Converter, Anon. Description of Chrysler 
Corp's simplified fluid torque converter which 
eliminates separate oil pump and sump is given. 
The oil filter element is replaced every 5,000 
miles. ‘The fact that the engine can draw upon 
a larger volume of oil is thought to actually 
lengthen the useful life of engine oil.'’ Specified 
interval between oil changes is twice a year. 
With this drive 13 quarts of engine oil are used 
for the combined torque converter and engine 
system. 


CHEMIE INGENIEUR TECHNIK, Vol. 24, No. 3, 
May 1952, Technical and Economic Possibilities 
of Carbon Monoxide Hydrogenation, by H. 
Tramm. The author reports on the considerable 
advances attained in this process. High activity 
iron catalysts have been developed; output and 
quality of the product has been improved. The 
process became economically more profitable. 
The production of lubricating oils from synthesis 
products is discusssed at length. Optimum vis- 
cosity behavior of oils is attained by polymeriz- 
ing terminal straight-chain olefins (the number of 
C-atoms in the olefins being equal). High grade 
olefins could be obtained by using as polymeri- 
zation feed stock olefins obtained by cracking 
cobalt-synthesis soft paraffin waxes. The iron- 
catalyst diesel-oil olefins have also the advantage 
that no crac’:ing is required, because the primary 
products can be directly used as the feed stock. 
Synthetic lube oils offer particular advantages at 
very low temperatures. The ‘‘conveying limits," 
that is, the temperature at which the oils are 
still sucked up by the pumps, is very low. The 
ring-sticking properties are excellent, as well as 
the piston-corrosion values, much lower than 
those of fatty or non-fatty mineral oil lubes. 


DIESEL POWER, Vol. 20, No. 8, Aug. 1952, 
Which Lube Oil?, Anon. The purpose of this 
article has been to outline the current status of 
various oils, particularly those of the additive 
type. It is intended primarily to discuss and 
explain the meanings of the various types of 
engine oils, their specifications and their ex- 
pected performance. Attempt has been made to 
explain some of the mechanics of deposits, 
sludges and corrosion, as well as to point out 
some of the service conditions that require 
greater attention. 


FUEL ABSTRACTS, Vol. 11, No. 6, June 1952, 
Synthetic Oils, by H. Kubbel & A. Meusel. De- 
tails of tests with synthetic lubricating oils 
developed during the war are given. The oils 
were synthesized by alkylating naphthalene, and 
appear to have the property of softening the 
hard carbon formed in diesel engines burning 
bunker oil. Engine tests with an oil equal to 
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the best Pennsylvania grade and with the syn- 
thetic oil both having the same viscosity, showed 
that the latter gave a piston ring wear figure 
of 70.6 and a cylinder wear of 33.4, assuming 
the wear figure of conventional oils to be 100. 
The synthetic oil produced no ring sticking, but 
its viscosity increased slightly with use. 


INDUSTRIAL LABORATORIES, Vol. 3, No. 6, 
June 1952, Research) Teamwork Produces Lubri- 
cants From Turpentine, Anon. Naval Research 
Laboratory chemists had been working on a 
long-range basic research program in synthetic 
lubricants, sponsored by the Navy's Bureau of 
Aeronautics. By oxidizing turpentine’s major 
constituent, alpha pinene, Dr. L. A. Goldblatt 
and fellow chemists in an Agriculture Depart- 
ment division had formed pinic acid. Naval 
researchers found that many excellent new 
classes of synthetic lubricants could be made by 
using pinic acid in combination with high-boiling 
alcohols. A plentiful substitute for adipic and 
sebacic acids was thus found. 


INSTITUTE SPOKESMAN, Vol. 16, No. 4, July 
1952, Phthalocyanine Lubricating Greases, by V. 
C. Fitzsimmons, R. L. Merker, and C. R. Single- 
terry. The increased operating temperatures 
possible for electric motors insulated with silicone 
resins has created a need for a grease which 
will lubricate ball bearings at 200 C. or above. 
The soap phase of ordinary or of silicone greases 
deteriorates within a very short time at this 
temperature. Phthalocyanine pigments have 
been shown to form greases from petroleum oils, 
silicones, aliphatic diesters, polyalkylene glycol 
ethers, and fluorocarbons. These greases con- 
tain 80% or more of liquid by volume and 
maintain their structure to above 300 C. They 
are water resistant, shear stable, and less sus- 
ceptible to oxidation than corresponding soap 
greases. Phthalocyanine pigment is not abrasive. 
Phthalocyanine gelled silicone greases have lub- 
ricated ball bearings for 10,000 hours at 80 C. 
and for as long as 900 hours at 220 C. Special 
alloy steels are necessary in bearings operating 
at 200 C. or above. The behavior of the phthal- 
ocyanine greases in laboratory and in functional 
tests indicates that the high temperature limit for 
the successful operation of grease-lubricated ball 
becrings is now set by the chemical and thermal 
stability of the oils available for grease formula- 
tion and by the metallurgy of the bearings them- 
selves. A bibliography is included. 

Vol. 16, No. 5, Aug. 1952, Quality Control of 
Lubricants, by C. R. Burton. The lubrication 
control program now in use by the Hibbing- 
Chisholm district of the Oliver Iron Mining Co., 
was started by first analyzing the lubrication 
requirements of all equipment in use and com- 
paring what was required with what was being 
used. It was first discovered that over sixty-five 
different oils and greases were used for winter 
and summer operation. By evaluating and con- 
solidating, this number of lubricants was cut to 
12 different products. This consolidation of lub- 
ricant brands and types has had a three-fold 
benefit: it minimizes the chance of the mixing of 
lubricants, it yields a benefit through volume 
purchasing of lubricants, and it requires less 
inventory and accounting expense. The second 
step in establishing the controlled lubrication 
program was to make sure that the people 
responsible for lubrication knew what lubricant 
was to be used and where. The third phase of 
the controlled lubrication program was to insure 
best lubrication at least expense. Reprinted by 
permission of Assoc. of Iron & Steel Engineers, 
from IRON & STEEL ENGINEER, Vol. 29, No. 5, 
May 1952. 


JOURNAL OF COMMERCE, NEW YORK, Vol. 
233, No. 17,727, Sept. 10, 1952, Air-Dry Lubri- 
cant, Anon. Able to be sprayed or brushed on, 
an air-dry lubricant has been marketed by the 
Electrofilm Corp., 7116 Laurel Canyon Blvd., 
North Hollywood, Calif. Called ‘‘Lubond,"’ the 
product is described as containing effective lub- 


rication characteristics at temperatures from 
minus 70 to 300 F. The product can be applied 
to steel, iron, stainless steel, lead foil, aluminum, 
brass, wood, cork, and other materials. It is also 
resistant to hydraulic fluids, gasoline, lubricating 
oils and water. The item is recommended for 
use on hinge pins, hydraulic cylinder, gears, 
threads, water valves, tracks, springs, floats, 
bolts and nuts, actuator screws, etc. Composi- 
tion is not given. 


JOURNAL OF THE INSTITUTE OF PETROLEUM, 
Vol. 38, No. 342, June 1952, Investigations on 
the Determination of Kinematic Viscosity Using 
Institute of Petroleum Methods, Anon. This re- 
port deals with an experimental investigation 
carried out by members of the Viscosity Panel 
of the Institute of Petroleum in their respective 
laboratories to provide data on the following 
subjects: Basing all viscometric measurements on 
a single value of viscosity as a primary standard, 
i.e., the agreed value for the viscosity of pure 
water at 20.00 C. Using master viscometers 
which could be based solely on the primary 
standard viscosity and which will not be subject 
either to kinetic-energy corrections or to surface- 
tension errors. The use of master viscometers 
and present Institute of Petroleum standard vis- 
cometers to evaluate oils in the viscosity range 
of 1 to 2000 cs by a stepping-up procedure. The 
determination of the repeatability and reproduc- 
ibility of viscosity determinations at different 
levels of viscosity values. 

Some Experiments on the Influence of a Solid 
Phase on the Oxidation of Low Viscosity Mineral 
Oil, by D. J. W. Kreulen. The presence of a 
solid phase affects both the length of the in- 
duction period and the rate of oxidation of a 
mineral oil. Besides glass, other solids such as 
sand, anthracite, retort carbon, and silica car- 
bide are effective. The oil used in the experi- 
ment was a transformer oil. 


OIL DAILY, Vol. 1, No. 218, Aug. 11, 1952, 
Navy Reveals New High Temperature Bearing 
Lubricant, Anon. New high temperature lubri- 
cants, promising added efficiency in the opera- 
tion of electric motors, have been developed 
in a five-year program in co-operation with the 
industries involved, the Navy Department [has 
announced]. By using the new high tempera- 
ture lubricants which are now commercially 
available, electric motors can be operated con- 
tinuously at 150 degrees centigrade (300 F.) 
and require relubrication at intervals of between 
500 and 1,000 hours, the study indicates. Com- 
position is not mentioned. 


PETROLEUM ENGINEER, Vol. 24, No. 10, Sept. 
1952, Cutting Fluids for Machine Tools, by C. 
M. Larson. This extensive discussion of cutting 
fluids covers the following topics: objectives of 
metal cutting; necessary properties of cutting 
fluids; types of cutting fluids, i.e., cutting oils 
(mineral oils and compounded) and soluble (or 
emulsifiable) oils; cutting fluid ingredients; fac- 
tors in selecting proper fluids, e.g., type of cut, 
metal, tool used; articular uses of soluble oil 

Isions; and soluble oil additives, including 
water softeners and anti-foam agent. There are 
22 diagrams and illustrations, including a chart 
which gives cutting fluid recommendations for 9 
types of cutting operations showing type and 
strength of cc ding suggested for various 
tool materials, metals, and degrees of cutting. 








PLANT, Vol. 6, No. 3, Sept. 1952, Lube System, 
Bearings Subject to Accurate Calculated Design, 
by R. J. S. Pigott. The author explains that the 
design of lubrication systems, including bearings, 
can be fairly accurately calculated, and he 
supplies information on major design factors, 
lubricant factors, industrial oils, engine lubrica- 
tion, severity factor, foaming, viscosity index 
improvement, calculations, and even cutting oils. 
(This article is based on research report pre- 
sented at Oil and Gas Power Div. ASME meeting, 
June 23-25, 1952.) 
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PITTSBURGH: Sept. meeting — Presen- 
tation of ASLE Charter by W. P. Young- 
claus, Jr., ASLE Administrative Secre- 
tary, to Pittsburgh Section Chairman, 
A. A. Raimondi, Westinghouse Research 
Laboratories (See picture), and followed 
by a movie The Manufacture and Care 
of Gears, courtesy of Fellows Gear 
Shaper Co., and a symposium on “Gear 
Lubrication” with M. Miller as mod- 
erator. Future meetings: Dec. 19 and 
Jan 16, 6:30 P. M., Sheraton Hotel, 
Pittsburgh, Pa. (Submitted by F. R. Ross, 
Sec'y-Treas.) 


BOSTON: Sept. meeting—D. F. Wil- 
cock, General Electric Co., presented a 
paper entitled Fundamentals of Ball 
Bearing Lubrication. “Metal Working” 
was the subject of the Nov. meeting. 
Future meeting: Jan 19, 6:30 P.M., 
Smith House, Memorial Drive, Cam- 
bridge, Mass., subject “Re-refined Oil.”’ 
(Submitted by A. S. McNeilly, Sec’y.) 


BUFFALO: (See Directory for new 
officers.) Future meetings: Dec. 17 and 
Jan. 21, 6:30 P.M., Sheraton Hotel, 
Delaware Ave., Buffalo N. Y., (Sub- 
mitted by W. H. Miller, Sec’y.) 


CHICAGO: Oct. meeting—A “Stump 
the Experts’ session with F. L. Gray, 
U. S. Steel Co., as moderator, and as 
panelists M. D. Gjerde, Standard Oil 
Co.; W. Albright, Shell Oil Co.; and W. 
Bryant, Magie Bros. R. Regan, Sun Oil 
Co.; B. Holmberg, Socony Vacuum Oil 
Co.; and J. Roznell, Texas Co., served 
as judges awarding a silver dollar to 
persons whose questions were not 
properly answered. Future meeting: 
Jan. 15, 6:30 P.M., Builders’ Club, 228 
N. LaSalle St., Chicago, Ill. (Submitted 
by A. S. Two, Sec'y-Treas.) 


CINCINNATI: Sept. meeting—S. D. 
Craine, W. A. Jones Foundry & Ma- 
chine Co., presented a paper entitled 
Inspection and Interpretation of Gear 





Lubrication, concerning gear tooth wear 
and failure, and stressing the fact that 
wear can be detected and corrected 
before gears are destroyed. Included, 
as follows, were the following types 
of gear wear and their descriptive re- 
marks: Normal Wear—burnished satin 
appearance, Abrasive Wear — deep 
grooves perpendicular to the pitch 
line caused by foreign material, Scratch- 
ing—early indication of abrasive wear, 
Overload Wear—rapid development of 
scratches from pitch line to tooth edge 
(first indication is heat and smoke), 
Ridging—forming of ridges which only 
take place in case-hardening hypoid 
gears and is a metallurgical condition, 
Rolling and Peening — actual plastic 
yielding of metal from vibration, Rip- 
pling — found only in case-hardened 
gears and giving the same indications 
as rolling and peening, Slight Scoring— 
slight scratches formed by high point 
on meshing gear (an E.P. oil may 
eliminate), Severe Scoring—caused by 
excessive loads and speeds, Initial Pits 
—forms at pitch line only and caused 
by high starting loads (these are in- 
consequential), Destructive Pitting—pit- 
ting spreads over tooth face, Spalling— 
large pieces of tooth face fall out due 
to metal failure, Corrosive Wear — 
caused usually when gears are at rest 
and is caused by the oil or whatever 
foreign matter is in the oil, Burning— 
metal turns blue at the gear tip and 
is caused by load and speed conditions, 
Interference—gouge at root of tooth 
caused by tooth mis-alignment, Grind- 
ing Checks—similar to scratching only 
having a definite pattern caused by 
faulty manufacture, Overload Break- 
age—large piece of tooth or entire 
tooth breaking out caused by impact 
load, Fatigue Breaking—large pieces of 
teeth breaking out caused by repeated 
shock, Cracking—caused by improper 
heat treatment of gear, Quenching 
Cracks — caused by improper heat 
treatment of gears. A.G.M.A. has 
published a pamphlet showing photo- 
graphs of each type entitled Gear 
Tooth Wear & Failure, A.G.M.A. Print 
No. 11002. (Submitted by D. W. Moore, 
Section News Committee Chairman.) 


CLEVELAND: Future meetings: Dec. 23 
and Jan. 27, 6:00 P.M. Cleveland 
Engineering Society, 2136 E. 19th St., 
Cleveland, Ohio. (Submitted by R. H. 
Josephson, Sec’y.) 


CONNECTICUT: May meeting — Elec- 
tion of Officers (See Directory), color 
movie entitled Rust Control, courtesy 
of the Fafnir Bearing Co., and speaker 
A. Ackerman, F. E. Anderson Oil Co., 
speaking on “Corrosion,” with panelists 
C. T. Hewitt, Fafnir Bearing Co.; C. 
Gillette, New Departure Div.; E. Wor- 
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den, Stanley Works; H. Fishbeck, Pratt 
& Whitney Aircraft; and R. F. Casella, 
Fafnir Bearing Co., as moderator. Oct. 
meeting —R. E. Bright, Dow Corning 
Corp., presented an address entitled 
Silicone Lubricants dealing with prac- 
tical applications of silicone oils and 
greases in industry. (Submitted by A. F. 
Green, Chairman Ex-Officio.) 


DAYTON: Sept. meeting—J. Robinson, 
Vickers, Inc., addressed the section on 
the subject Industrial Hydraulic Equip- 
meent, describing types of hydraulic 
pumps, particularly Vane pumps, and 
pointing out the advantages of bal- 
anced vs. unbalanced Vane pumps. 
Lantern slides illustrated unusual indus- 
trial equipment employing hydraulic 
application. (Submitted by A. H. Turner, 
Vice-Chairman.) 


DETROIT: Sept. meeting—Annual stag 
golf outing open to friends as well as 
membership at the Hillcrest Country 
Club, with door prizes, entertainment, 
and sporting events. (Submitted by 
J. A. Brady, Treas.) 


FORT WAYNE: Sept. meeting—Movie 
session entitled Lubrication Ain't No 
Problem, courtesy of Westinghouse, 
followed by soda pop and root beer. 
Oct. meeting—Family night featuring 
Dr. Llewellyn Heard and his “Combus- 
tion Magic’ show, followed by coffee 
and sinkers. Future meetings: Dec. 11 
and Jan. 8, 6:30 P.M., Keenan Hotel, 
Fort Wayne, Ind. (Submitted by J. H. 
Wright, Sec’y-Treas.) 


KINGSPORT: Sept. meeting—H. E. God- 
dard, Blue Ridge Glass Corp, presented 
a talk entitled Lubrication in a Glass 
Manufacturing Plant, reviewing the 
different types of equipment involved in 
the process and progress made in the 
lubrication of this equipment. (Sub- 
mitted by J. E. Fleenor, Sec’y-Treas.) 


LOS ANGELES: Oct meeting—D. H. 
Moreton, Douglas Aircraft Co., Inc., 
discussed A Review of Synthetic Lubri- 
cants, covering their properties, the 
applications where each property ex- 
celled, their effects on materials, the 
general families of synthetics now in 
use, and their availability, cost and 
possible future, with the following con- 
clusions: (1) Applications of synthetics 
primarily exist where operating con- 
ditions (temperatures, etc.) limit the 
use of petroleum products, (2) Costs are 
still high, but with increased production, 
will be reduced, (3) Future success will 
be greatly promoted by the correct 
application of synthetics, their indis- 
criminate use as “cure-alls’ will tend 
to impair their future. (Submitted by 
R. C. Dishington, Sec'y-Treas.) 


(Continued on page 318) 
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Patent 
Abstracts 


Prepared by ANN BURCHICK from Official Ga- 
zette—Vol. 661, No. 4; Vol. 662, Nos. 1, 2, 3, 
4, 5; Vol. 663, Nos. 1, 2, 3. Printed copies of 
patents are available from the Patent Office at 
twenty-five cents each. Address the Commis 
sioner of Patents, Washington, D.C., for copies 
and for general information concerning patents. 











LUBRICANT, Patent #2,609,342, J. R. White, O. 
H. Clark, and W. W. Woods, assignors to 
Socony-Vacuum Oil Co., Inc. A lubricant con- 
sisting essentially of a liquid selected from the 
group consisting of glycerine and ethylene glycol, 
containing from about 0.5% by weight and up 
to about 90% by weight of a comminuted solid 
selected from the group consisting of molybde- 
num disulfide, titanium disulfide, tin disulfide, 
zirconium disulfide and tungsten disulfide. 


OXIDATION INHIBITOR FOR LUBRICATING 
OILS, Patent 2,609,343, C. E. Saunders and 
C. M. Murphy, Jr. A composition of matter 
comprising an alkyl diester of an organic dicar- 
boxylic acid and an oxidation-inhibiting amount 
of a compound selected from the group con- 
sisting of phenothiazine, phenoselenazine, and 
phenotellurazine. 


WAX LUBRICATING COMPOSITION, Patent #2,- 
610,150, E. C. O'Neil, Anna L. O'Neil admin- 
istrator of said E. C. O'Neil. A wax lubricating 
composition consisting essentially of one pound 
of lubricating wax selected from the group con- 
sisting of paraffin and ceresin, one-half pound of 
metal powder and a dispersing agent in the 
amount of one hundred thirty-six grains of tar- 
taric acid crystals, said metal powder being 
dispersed throughout the composition. 


NONCORROSIVE Oil COMPOSITIONS, Patent 
#2,610,151, J. H. Putman, J. Scott, and D. W. 
Ervine, assignors to Standard Oil Development 
Co. A non-corrosive oil composition comprising 
mineral oil of lubricating viscosity, 0.05 to 5% 
by weight, based on the total composition, of 
sodium benzoate, a solubilizer comprising 0.02 
to 20% of oil soluble metal petroleum sulfonate, 
and about 0.05 to 5% of a stabilizer. 


RUST INHIBITING COMPOSITION, Patent #2,- 
610,919, M. P. Kleinholz, assignor to Sinclair 
Refining Co. A composition adapted to inhibit 
the rusting of iron and steel consisting essentially 
of a mineral oil as its base and about 1-2% 
calcium mahogany sulfonate and about 0.5-1% 
of a material of the group consisting of alpha- 
hydroxy lauric acid and the product resulting 
upon partial self-esterification of such acid and 
which contains in admixture the acid, the semi- 
lactide esterification product of the acid, and a 
relatively minor proportion of the lactide esteri- 
fication product of the acid. 


LITHIUM SOAP GREASE CONTAINING BASIC 
ALKALINE EARTH METAL SULFONATE, Patent 
#2,610,946, G. W. Eckert, assignor to The 
Texas Co. A _ lubricating grease composition 
comprising as the essential constituents an ole- 
aginous liquid lubricating base as the major 
constituent, about 10-30% by weight of a 
lithium soap of a saturated soap-forming fatty 
material, and from 0.25 to 3% by weight of an 
oil-soluble basic alkaline earth metal salt of a 
sulfonated hydrocarbon wherein the weight ratio 
of alkaline earth metal to sulfur content is from 
1.1 to 2 times that represented by the normal 
salt M(SOsR)2, where M is the alkaline earth 
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metal and R is the hydrocarbon residue, said 
basic salt being in sufficient proportion to en- 
able said grease composition to pass the copper 
corrosion test of U.S. Army specification 2-134. 


LUBRICATING GREASE AND PROCESS OF 
MANUFACTURE, Patent #£2,610,947, A. J. Mor- 
way, assignor to Standard Oil Development Co. 
The process of making a stable high temperature 
lubricating grease which comprises combining 2 
to 20 parts by weight of fatty acid of the C12 
to C24 range with 20 to 50 parts of an aromatic 
type mineral base lubricating oil of relatively 
high viscisity, adding 1 to 15 parts of organic 
material having a molecular weight below about 
160 selected from the group consisting of car- 
boxylic acids and aldehydes undergoing the 
Cannizzaro reaction and a sufficient amount of 
a metal base selected from the group consisting 
of alkali metal and alkaline earth metal bases 
to form a soap-salt complex with said fatty acid 
and said organic material, heating the afore- 
said ingredients with stirring to a soap-cooking 
temperature for a period of time to substantially 
complete said soap-salt reaction, and thereafter 
gradually adding and blending in 25 to 50 parts 
of a relatively low viscosity and low volatility 
mineral lubricating oil of paraffinic type while 
applying heat, the amount of said paraffinic-type 
oil being not substantially smaller than that of 
said aromatic-type oil and substantially main- 
taining a cooking temperature between about 
280 F. and 450 F. to form a grease of relatively 
high viscosity index and relatively low volatility. 


LUBRICATING’ COMPOSITIONS, Patent #2,- 
610,948, A. J. Morway and W. C. Howell, Jr., 
assignors to Standard Oil Development Co. A 
lubricating composition which comprises a syn- 
thetic lubricating oil having a viscosity at 210 
F. within the range of from about 30 to about 
60 Saybolt Universal seconds and a flash point 
above about 250 F. having combined therein 
from about 0.5% to 20.0% by weight of a 
viscosity index improver selected from the class 
consisting of polymers of acrylate esters, poly- 
mers of methacrylate esters, polymers of isobuty- 
lene and copolymers of styrene and isobutylene, 
said synthetic lubricating oil being a residue 
remaining after distillation at a temperature 
within a range of about 542 F. to about 740 F. 
of the mixture of products obtained by subjecting 
monoolefins to the action of carbon monoxide 
and hydrogen in the Oxo process. 


OLEAGINOUS CORROSION PREVENTIVE COM- 
POSITION, Patent 2,611,711, B. L. Costello. 
An oleaginous composition characterized by 
the ability to prevent corrosion of metallic sur- 
faces when applied thereto and to be easily 
removed therefrom, consisting of a h 

blend of about 47% by weight of soybean oil, 
about 33% by weight of sperm oil and about 
20% by weight of linseed oil. 








LUBRICATION COMPOSITION, Patent #2,611,- 


- 742, E. M. Kipp, assignor to Aluminum Co. of 


America. A. lubricating composition comprising 
@ major proportion of a hydrocarbon lubricating 
oil blended with a minor proportion of a body 
consisting of animal and vegetable oils and 
fats and Brg, said body being prepared by 
exposing said natural substance to direct con- 
tact with a compound selected from the class 
consisting of gaseous BFg and decomposable 
compounds yielding gaseous BF3 and being 
present in such amount that the lubricating com- 
position contains from 0.001 to 3% by weight 
of BFg, said lubricating cx 
extreme pressure characteristics superior to those 
exhibited by a similar composition in which the 
minor proportion aforesaid consists of said na- 
tural substance. 





LUBRICATION COMPOSITION, Patent #2,611,- 
743, E. M. Kipp, g to Alumi Co. of 
America. A lubricating composition comprising 
a major proportion of a hydrocarbon lubricating 
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oil blended with a minor proportion of a body 
consisting essentially of fatty acid containing 
from 4 to 21 carbon atoms and BF, said body 
being prepared by exposing the fatty acid to 
direct contact with a substance selected from 
the group composed of gaseous BFg and de- 
composable compounds yielding gaseous BFy 
and being present in such amount that the 
lubricating composition contains from 0.001 to 
3% by weight of BFg, said lubricating composi- 
tion possessing extreme pressure characteristics 
superior to those exhibited by a similar com- 
position in which the minor proportion afore- 
said consists of fatty acid. 


LUBRICATION COMPOSITION, Patent #2,611,- 
744, E. M. Kipp, assignor to Aluminum Co. of 
America. A lubricating composition comprising 
a major proportion of a hydrocarbon lubricating 
oil blended with a minor proportion of a body 
consisting essentially of a substance selected 
from the class consisting of the fatty acid esters 
of monohydric alcohols and polyhydric alcohols 
and BFs3, said fatty acids being those containing 
from 4 to 18 carbon atoms, said body being 
prepared by exposing said fatty acid esters to 
direct contact with a substance selected from 
the class consisting of gaseous BF3 and de- 
composable compounds yielding gaseous BF3 
and being present in such amount that the lub- 
ricating composition contains from 0.001 to 3% 
by weight of BF3, said lubricating composition 
possessing extreme pressure characteristics su- 
perior to those exhibited by a similar composi- 
tion in which the minor proportion aforesaid 
consists of fatty acid ester. 


LUBRICATING COMPOSITION, Patent #2,611,- 
745, E. M. Kipp, assignor to Aluminum Co. of 
America. A lubricating composition comprising 
a major proportion of a hydrocarbon lubricating 
oil blended with a minor proportion of a body 
consisting essentially of a substance selected 
from the class consisting of unmodified alcohols 
containing at least three carbon atoms, alcohol- 
ethers and ethers and BFg, said body being 
prepared by exposing said substances to direct 
contact with a substance selected from the class 
consisting of gaseous BF3 and decomposable 
compounds yielding gaseous BF3 and being 
present in such amount that the lubricating com- 
position contains from 0.001 to 3% by weight 
of BF3, said lubricating composition possessing 
extreme pressure characteristics superior to 
those exhibited by a similar composition in 
which the minor proportion aforesaid consists of 
said substance selected from the class consisting 
of unmodified alcohols, alcohol-ether and ethers. 


LUBRICATING COMPOSITION, Patent #2,611,- 
746, E. M. Kipp, assignor to Aluminum Co. of 
America. A lubricating composition comprising 
a major proportion of a hydrocarbon lubricating 
oil blended with a minor proportion of a body 
consisting essentially of a substance selected 
from the class consisting of aliphatic, aromatic 
and heterocyclic mono- and polyamines, amino 
alcohols and amides and BF3, said body being 
prepared by exposing said substances to direct 
contact with a substance selected from the class 
consisting of gaseous BFg and decomposable 
compounds yielding gaseous BFg and being 
present in such amount that the lubricating com- 
position contains from 0.001 to 3% by weight 
of BFg, said lubricating composition possessing 
extreme pressure characteristics superior to those 
exhibited by a similar composition in which the 
minor proportion aforesaid consists of said sub- 
stances selected from the class consisting of 
amines, amino alcohols ard amides. 


LUBRICATING GREASE COMPOSITIONS, Patent 
32,612,472, A. J. Morway and P. V. Smith, 
assignors to Standard Oil Development Co. A 
lubricating grease composition comprising a ma- 
jor proportion of lubricating oil thickened to a 
grease consistency with a combination of a 


(Continued on page 319) 
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WEAR AND 
LUBRICATION 

OF PISTON RINGS 
AND CYLINDERS 


By Dr. Reemt Poppinga. A special- 
ized book on problems involved in 
internal combustion engines, includ- 
ing Considerations Concerning Wear, 
The Investigation of: (1) Material 
Structure Upon Wear, (2) The Influ- 
ence of the Lubricant Upon Wear, 
(3) The Influence of Engine Oper- 
ating Conditions Upon Lubrication 
and the Wear of Cylinder and Pis- 
ton Rings. $3.00 per copy to mem- 
bers, $3.50 per copy to non-members. 
ASLE PUBLICATIONS 

343 S$. Dearborn St. 

Chicago 4, Illinois 














PETROLEUM-TYPE 
HYDRAULIC FLUIDS 


Second in the series of ASLE mono- 

graphs, covering Hydraulic Oil Speci- 

fications and Service Properties, Vis- 

cosity, Viscosity Index, Demulsibility, 

Oxidation Stability, Lubricatng Value, 

Rust and Corroson Preventive Quali- 
ties. $1.00 per copy. 

ASLE PUBLICATIONS 

343 S$. Dearborn St. 

Chicago 4, Illinois 











New 
Members 











" ABERNATHY, M. B., Continental Oil Co., Chi- 


cago, Ill. 

ABRAMOVITZ, S., Franklin Institute, Philadel- 
phia, Pa. 

ANDERSON, H. T., Jones & Laughlin Steel 
Corp., Aliquippa, Pa. 

ARIES, R. S., R. S. Aries & Assoc., N. Y., N. Y. 

ASSEFF, P. A., Lubrizol Corp., Cleveland, Ohio. 

BAUGHMAN, T. P., Lubrizol, Ridgewood, N. J. 

BOSTON, E. E., Interstate Oil Co., Kansas City, 
Mo. 

BOSTON, J. S., International Harvester, Mel- 
rose Park, Ill. 

BRACHT, N. A., Lukens Steel Co., Coatsville, Pa. 

BREHM, H. E., Socony-Vacuum Oil Co., Kansas 
City, Mo. 

BRIGGS, E. C., Leland Electric Co., Dayton, 
Ohio 

BROWNELL, A., Bethlehem Steel, Lackawana, 
N. Y. 

BURNS, S. E., Hydrotex Industries, Dallas, Tex. 

CALDWELL, H. Jr., Joseph Dixon Crucible, Jer- 


sey City, N. J. 

CAMPBELL, J. R., Chev-Saginaw Grey Iron, Sagi- 
naw, Mich. 

CAMPBELL, K., International Lubricant Co., New 
Orleans, La. 

CARLSON, E£. A., W. A. Wood Co., Boston, 
Mass. 


CARVER, K., Haynes Stellite, Kokomo, Ind. 

CHAPLIN, F. S., Franklin Institute, Philadelphia, 
Pa. 

COTTRELL, H. W., Cincinnati Mill. Mach. Co., 
Cincinnati, Ohio 

CRITCHLOW, J. P., Gulf Oil Corp., Pittsburgh, 
Pa. 

CROSBY, T. C., University of Santa Clara, Santa 
Clara, Calif. 

DALMAN, R. D., Cities Service Oil Co., Indian- 
apolis, Ind. 

DANEL, P., Grenoble, Grenoble, France 

DELUGA, S. S., Standard Oil, Whiting, Ind. 

DIEFENDORF, C. B., Socony - Vacuum Oil, St. 
Paul, Minn. 

DONALD, D. E., Tide Water Assoc. Oil Co., 
Los Angeles, Calif. 

DUVALL, F. C., Shartle Bros. Mach. Co., Middle- 
town, Ohio 

ETTER, C. W., Hobart Mfg. Co., Troy, Ohio 

FAINMAN, M. Z., Standard Oil Co. (ind.), 


Whiting, Ind. 
FRESH, E. M., Socony-Vacuum Oil Co., Kansas 
City, Mo. 


GATCOMBE, E. K., U.S.N. Postgraduate School, 
Monterey, Calif. 

GEARY, W. H., Ritter Engrg. Co., Pittsburgh, Pa. 

GEE, R. M., Battenfeld Grease & Oil, Minne- 
apolis, Minn. 

GELDER, R., Douglas Aircraft, Santa Monica, 
Calif. 

HALL, D. A., Eastman Kodak, Rochester, N. Y. 

HEBERT, R. C., Ethyl Corp., Baton Rouge, La. 

HOLDEN, J. A., Cdn. Acme Screw & Gear Ltd., 
Toronto, Can. 

HOLLAND, L. T., Destiny Products Co., Detroit, 
Mich. 

HULL, D. H., Richfield Oil Corp., Wilmington, 
Calif. 

JACKSON, E. G., General Electric, West Lynn, 
Mass. 

JAMISON, S. E., Quaker State Oil Ref., Chi- 
cago, Ill. 

JENKISON, S. A., Cities Service Oil Co., De- 
troit, Mich. 

JOHNSON, C. D., Twin City Test. Engr., St. 
Paul, Minn. 

JOHNSON, E. M., Cities Service Oil Co., St. 
Paul, Minn. 

JOHNSON, R. C., D. W. Onan & Sons, Inc., 
Minneapolis, Minn. 
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JOHNSON, R. E., Standard Oil Co., E. St. Louis, 
il. 

JOHNSON, R. W., St. Anthony Mach. Prod. 
Co., Minneapolis, Minn. 

KELLY, J. A. C., Paykel Bros. Ltd., New Zealand 

KNISELY, C. W., I. B. M., Endicott, N. Y. 

KNOEPFLER, R., R. J. Knoepfler Co., Cincinnati, 
Ohio 

LANGER, E., Cities Service Oil Co., Chicago, 
Il. 

LAZEAR, M. L., Wheeling Steel Corp., Wheel- 
ing, W. Va. 

LEEMING, M.S., Keystone Lub’g. Co., Glenview, 
Il. 

LOZANO, G., Univ. of Calif., Berkeley,’ Calif. 

McCLEISH, L. J., Cities Service Oil Co., Craw- 
fordsville, Ind. 

McFAIL, J. B., D. W. Onan & Sons, Inc., Min- 
neapolis, Minn. 

McINTOSH, I. E., Steel Co. of Canada, Toronto, 
Can. 

MILES, F. L., Consumers Cooperative Assoc., 
Kansas City, Mo. 

MOLLER, R. A., Industry & Power, St. Joseph, 
Mich. 

MOORE, J., Atlantic Refg. Co., Buffalo, N. Y. 

MYERS, L. Y., American Lubricants Co., Ore- 
land, Pa. 

NALL, B. B., Penn-Dixie, Kingsport, Tenn. 

NEVERS, A. L., Mortensen Indus. Supply, Mil- 
waukee, Wisc. 

NEWTON, E. J., Wan Straaten Chemical, Chi- 
cago, Ill. 

NOECKER, D. S., Cities Service Oil Co., Gales- 
burg, Ill. 

NOLTEIN, G. F., Nat'l. Supply Co., Springfield, 
Ohio 

O'BRIEN, R. E., Standard Oil Co., DePere, 
Wisc. 

OKON, L. W., The Chek-Chart Corp., Chicago, 
Il. 

PATTERSON, J. H., E. F. Houghton & Co., San 
Francisco, Calif. 

RABINOWICZ, E., M. |. T., Cambridge, Mass. 

RIES, H. E. Jr., Standard Oil Co., Whiting, Ind. 

RITTS, E. M., Cities Service Oil Co., Davenport, 
lowa 

ROBERTSON, J. L., Cities Service Oil Co., 
Bloomington, Ill. 

SALOMAN, H. B., R. T. Vanderbilt Co., N. Y., 
N. Y. 

SCALES, K., Haynes Stellite, Kokomo, Ind. 

SCHAGER, R. J., Cleveland Graphite, Cleve- 
land, Ohio 

SCHERF, B., Schlage Lock Co., San Francisco, 
Calif. 

SCHLEICHER, R. A., U. S. Air Force, Dayton, 
Ohio 

SCHREIBER, R. P., Dow Corning, Midland, Mich. 

SEEBURGER, R. C. Jr., Hughes Aircraft, Culver 
City, Calif. 

SIMON, S. S., Paragon Oil Co., Inc., L. L., 
N. Y. 


SMALL, M. B., Cities Service Oil Co., Chicago, 
Hh. 

SMITH, R. P., Caltex Ceylon Ltd., Colombo, 
Ceylon 

SPEED, J. P. B., Paykel Bros. Litd., New Zealand 

STEGE, E. R., General Mills, Inc., Minneapolis, 
Minn. 

STEWART, R. C., John Bertram & Sons, Ont., 
Can. 

TINDALL, C. O., Food Mach. & Chem. Co., San 
Jose, Calif. 

TURNER, M., Sunland Refg. Corp., Fresno, Calif. 

URDANOFF, H. D., Bowser International, N. Y., 
N. Y. 

UTLEY, H. T., Cities Service Oil Co., Cincinnati, 
Ohio 

VAIL, H. E., Cities Service, Ft. Worth, Tex. 

WALKER, W. W., Graphite Metallizing Corp., 
Yonkers, N. Y. 

WALLACE, J. W., American Brake Shoe, Chi- 
cago, Ill. 

WEHKING, W. P., Standard Oil Co., E. St. Louis, 
Hl. 

WEST, A. C., Calif. Research, Richmond, Calif. 

YOUNG, H. P., Cities Service Oil Co., Chicago, 
Ul. 
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Personals 











The Brooks Oil International Co. has 
been formed to market the products of 
THE BROOKS OIL CO., with sales 
offices established in Bern Switzerland; 
Paris, France; Brussels, Belgium; Rome 
and Milan, Italy; and in Denmark, Swe- 
den, Norway and Finland. Executive 
offices are at 3304 E. 87th St., Cleve- 
land; executive sales offices are at 934 
Ridge Ave., Pittsburgh. . . . E. V. 
IVANSO has been named head of 
metallurgical engineering and research 
at the Detroit Testing Laboratory. .. . 
LINCOLN ENGINEERING CO., manu- 
facturers of lubricant application equip- 
ment, announces the appointment of C. 
H. MUELLER to the position of Director 
of Engineering. . . . The American So- 
ciety for Testing Materials has an- 
nounced the electon of R. J. PAINTER 
as Executive Secretary and of R. E. 
HESS as Associate Executive Secretary 
and Editor in Chief. . . . A. O. MOR- 
TENSON, St. Regis Paper Co., presented 
a paper entitled Electrical Cable Speci- 
fications for the Pulp and Paper Industry 
at the 7th Engineering Conference of 
the Technical Association of the Pulp 
and Paper Industry, Chicago. ae 
BOWSER, INC., has announced the ap- 
pointment of R. L. HOLT as Vice Presi- 
dent. . . . One of the world’s foremost 
authorities on the manufacture of tetra- 
ethyl lead, J. L. STECHER, Assistant 
Director of Sales of Du Pont's Petroleum 
Chemicals Div., retired in August after 
a 37-year career with the company. . . . 
J. G. DUBA, instructor of civil engineer- 
ing at Illinois Institute of Technology 
and conference secretary of the Na- 
tional Conference on Industrial Hydrau- 
lics, has been promoted to the rank of 
assistant professor. ...C. A. NORGREN 
CO. announces the advancement of 
R. D. SCHLIEM to Chief Inspector. . . . 
D. H. SPICER has been made Vice Presi- 
dent — Manufacturers Sales for Amer- 
ican Bosch Corp., Springfield, Mass. . . . 
American Standards Association has 
awarded the Howard Coonley Medal 
to W. L. BATT, minister in charge of the 
Economic Co-operation Administration 
to the United Kingdom and former 
president of SKF Industries, Inc., ‘who 
by his practice and preachments has 
furthered the national economy through 
voluntary standardization.” . . . J. R. 
MARKEY has been named Assistant to 
the Vice President of The Aro Equip- 
ment Corp., Bryan, Ohio, manufacturers 
of industrial tools, lubricating equip- 
ment and aircraft products. . . . The 
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Chek-Chart Corp., Chicago, publishers 
of lubrication guides and other auto- 
motive service data, announces two 
major staff appointments: R. J. MAHAF- 
FAY as Director of Engineering; L. W. 
OKON as Manager of Editorial-En- 
gineering. . . . R. D. WALKER has been 
appointed to The Weatherhead Co. 
staff of industrial sales engineers and 
will handle sales of Weatherhead 
Ermeto tube fittings, a full line of other 
types of tube fittings and hose assem- 
blies with reusable or fixed ends. . . 
R. M. Hollingshead Corp., in line with 
their current expansion and re organiza- 
tion of their executive staff, has an- 
nounced the appointment of A. E. 
MOORE as Vice President and Director 
of Research and Development... . L. 
M. TICHVINSKY, Professor of Mechani- 
cal Engineering, University of California, 
is completing his sabatical leave at the 
Institut Francais du Petrole, Paris, 
France, after attending the VIII Inter- 
national Congress on Theoretical and 
Applied Mechanics, Istanbul, Turkey. 
where he presented a paper entitled 
Foaming of Diesel Engine Lubricating 
Oils. 


Book 
Reviews 














THE HOW AND WHY OF AUTOMO- 
TIVE LUBRICATION 
by Chek-Chart Corp., Publishers, 31 E. 
Congress St., Chicago 5, Ill., 1952, 
48 pages, 130 illustrations, price 
$4.50. 
THE HOW AND WHY OF AUTOMO- 
TIVE LUBRICATION is a series of six, 
eight-page sections, covering every 
phase of automotive lubrication from 
body hardware through power steer- 
ing and is designed to provide service 
station trainees as well as seasoned 
service men with a fundamental knowl- 
edge of passenger car lubrication tech- 
niques. Included are complete instruc- 
tions on automatic transmission service; 
important service points and procedures 
indicated in the text are supplemented 
by “how-to-do-it” illustrations; why 
certain procedures are necessary at 
different locations are explained. Each 
of the six sections covers either a single 
subject or a group of related subjects 
as indicated by the following section 
titles: I—Body Units and Chassis; I! 
—Springs, Shock Absorbers, Brakes, 
Wheel Bearings; !II—Transmission, Drive 
Line, Differentials; |¥V—Automatic Trans- 
missions; V—Engine and Engine Acces- 


sories; VI—Miscellaneous and Selling. 
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PHYSICAL PROPERTIES 
OF LUBRICANTS 


(Second Edition) 
First in the series of ASLE mono- 
graphs, covering Viscosity, Dens- 
ity and Specific Gravity, Cloud 
and Pour Points, Flash and Fire 
Points, Carbon Residue, Neutral- 
ization Number and _ Interfacial 
Tension, Saponification Number, 
Emulsification, Specific Heat. $1.00 
per copy. 
ASLE PUBLICATIONS 
343 S. Dearborn St. 
Chicago 4, Illinois 











FUNDAMENTALS 
OF LUBRICATION 


Nine practical articles on the 
fundamentals of lubrication: 
Manufacture of Lubricating Oil, 
Lubricating Grease, Gear Oil 
Additives, Textile Spindles and 
Their Lubrication, Hydraulic Fluids 
Simplified, Oil Lubrication of Ma- 
chine Tool Spindles, Dispensing 
Equipment, Steam Turbine Lubri 
cation, Filtration of Industrial and 
Lubricating Oils. $1.00 per copy. 
ASLE PUBLICATIONS 

343 S. Dearborn St. 

Chicago 4, Illinois 




















Subject & Author 
Indexes, 1952 


These indexes include papers published in LUBRICATION ENGINEERING 
in 1952; volume, number, and page are indicated. Current-year back 
issues are available at .60c each to Members, .75c each to Non-members. 











Application of Infra-Red Spectroscopy to Lubrication Engineering, 


RE Sirir IR ol sie 8 eh ees owe. Woe whee ao wad 8-3 129 
Automotive Drawing Compounds—Specifications and Applications 
RSE Si aT Gr erate SN inc, a 8-1 14 


Bacterial Decomposition of Soluble-Oil Emulsions, by W. Sonntag.8-5 234 
Carbide Steel Milling With Cutting Fluids—A Progress Report, 


ee ae SE)” "EAS Se se oy a Po 8-5 235 
Coal Mine Lubrication, by C. W. Thompson..................... 8-4 174 
Development of a Turbo-Prop Synthetic Lubricant, The, 

EYER ED EAR ag eae cane Aan ee ae 8-4 177 
Dispensing Characteristics of Lubricating Greases, 

OR aS SY RO oe 8-5 247 


Evaluating Cutting Oils by Determining Their Effectiveness in 
Reducing Sub-Surface Grain Distortion, by W. E. Lauterbach 


ACE AEs So hohe Steet ie a eh SA Tb SAS ea ge 8-5 238 
Filtration of Industrial and Lubricating Oils, by J. R. McCoy....8-2 66 
fretting GCarrosion; by Rs 'S)Bneth ic ceric 5 oc cdsay esis. eee 8-4 186 
Fundamental Knowledge of Lubricating Grease ‘Structure, 

OR ee eer rrer ry eee 258i ae 
Grease Lubrication of Ball Bearings, by L. D. Cobb.. ....8-3 120 
Influence of Point of Application of Cutting Oil on Tool life, 

Baie a) NN ordre iene a fs as Aig ioc Diathin ore dleles vhs 8-3 135 
Lubricant: Classification, by C. A. BGG... 62. 2. ie ccc ee des 8-3 125 


Lubricating Properties of Molybdenum Disulfide, by |-Ming Feng..8-6 285 
Lubrication and the Loed-Carrying Capacity of Gears, 


SURAT! Figs 18 2 RIS sack pe A geet 8-4 180 
Lubrication in the Textile Industry, by K. M. Lowry.............. 8-1 18 
Lubrication of Knitting Machinery, by F. K. Fogleman........... 8-2 7. 
Material Specifications For Oil-Film Bearings, by E. B. Etchells....8-6 291 
Metal Cutting Developments, by R. J. S. Pigott.................. 8-6 289 
NACA Studies of Mechanism of Freeting (Fretting Corrosion) and 

Principles of Mitigation, by D. Godfrey & E. E. Bisson....... 8-5 241 
Oil Fog tsericomen, Oy OL. Faeroe kes a a ek ce edn 8-4 183 
Planned Lubrication as a Part of Plant Maintenance, 

eee ee 8-6 282 
Role of the Lubricant in Bearing alia by E. S. Carmichael 
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Steel Mill Lubrication From Management's Point of View, 
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Study of Rust Preventive Properties of Greases, A, 

by R. J. Burger, B. Rubin, & E. M. Glass.................... 8-1 21 
Tired Bearings—Reasons and Remedies, by J. Palsulich........... 8-6 293 
Bailey, C. A.: Lubricant Classification. ................00 000 e eens 8-3. 125 
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LOWER PER-GALLON 
CUTTING OIL 
COSTS 








A sulphurized chlorinated polarized compound 


CRESOL Z-2 


SPECIAL 


Developed by chemistry. Proved by industry. 
TYPICAL ANALYSIS 


CHLORINE ....... 13% 
ih a 10%, 
ASS Ss hci Ss 30%, 


Used in hundreds of America's metal industries for the 
machining of all commercial steels and metals, irrespective 
of alloying constituents and machinability. 

Competes with highly rated, specialized conventional cutting 
oils for specific and general use. Assures maximum per- 
formance in terms of tool life, finish and maintenance of size. 


Example: 
add— 5 gallons Cresol Z-2 Special 
— 95 gallons light mineral oil. 


result—100 gallons of highly efficient, 
transparent, low cost, cut- 
ting oil suitable for the 
toughest jobs, stainless 
steel, etc. 
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(Lube Lines, Continued from page 281) 


copies write John G. Duba, Conference Secretary, National 
Conference on Industrial Hydraulics, Technology Center, 
Chicago 16, Ill. 


AUTHORIZED BINDING: Now you can have your copies of 
LUBRICATION ENGINEERING bound carefully and economi- 
cally in our authorized binding. For details, simply write to 
ASLE, Box 776, Highland Park, Ill. 


CONFERENCE HI-LITES: Papers presented at the Lubrication 
Engineering Conference sponsored jointly by the University of 
Pittsburgh, and the ASLE Pittsburgh Section, Nov. 20 & 21, 
University of Pittsburgh, included: The Role of Lubrication in 
Industry, by E. M. Kipp, Aluminum Co. of America; Principles 
of Lubrication, by J. Boyd, Westinghouse Research Labora- 
tories; Lubrication Principles as Applied to the Plain Bearing, 
by A. A. Rajmondi, Westinghouse Research Laboratories; 
Properties of Lubricants, by C. E. Trautman, Gulf Research & 
Development Co.; Laboratory Testing of Lubricants, by C. A. 
Bailey, U.S. Steel Co.; and Lubrication Application Equip- 
ment, by J. D. Lykins, Wheeling Steel Co. The conference 
concluded with a dinner meeting at the Hotel Sheraton, with 
C. M. Weckstein, Timken Roller Bearing Co., speaking on 
the subject Roller Bearings. 


(Witt, Continued from page 284) 


people how easily the highly polished surfaces of balls 
and races are damaged by these hard abrasive particles, ii 
is at once realized also that ball bearings should be 
handled very carefully and kept clean at the installation. 
It was mentioned earlier in this discussion that we take 
every precaution to keep lubricants clean. To complete the 
job we found it necessary to set up very definite procedures, 
with the necessary equipment, for handling, cleaning, and 
installing ball bearings. While only ball bearings are men- 
tioned, all mechanical work receives closer attention than 
was thought necessary a few years ago. Good mechanical 
work and good lubrication are the first steps in preventive 
maintenance and some of the procedures that were set up 
to accomplish this seemed a litile absurd at first to some of 
the maintenance people. It is difficult to impress n-echanics 
with the importance of some of these procedures and it 
requires constant follow-up to assure that they are being 
observed. 

If compared with some of the other ways in which plant 
lubrication can be carried on, the reaction might be that 
the cost of this program would be difficult to justify. Of 
course, a fair return on the money spent is expected and 
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INDUSTRIAL PRODUCTION 


for—HOT or COLD FORGING, DRAWING AND STAMPING e ASSEM- 
HIGH and LOW TEMPERATURES e IMPREG- 
NATION and PARTING e ALL RUBBING and SLIDING SURFACES. 


“Grafo" Colloidal Graphite may be obtained in water, petroleum oil and castor oil, 


Write Us Regarding Your Special Applications 


PRODUCE MORE—FASTER—BETTER 


GRAFO COLLOIDS CORPORATION 





this showed up after two years of work when the cost of 
lubrication was reduced cpproximately 20%. By listing 
all machinery and establishing cn adequate frequency of 
relubrication, the work load for each 'ubrication man can 
be established. When this program had progressed far 
enough to lay out the work in a systematic sequence it was 
found that the number of men assigned to lubrication cculd 
be reduced and assigned to other duties. 

There are other savings to be realized from cood 
lubrication, one of which is reduced maintenance ccsts. 
There are thousands of anti-friction bearings in a large 
installation of textile machinery. On some of the elements 
of these machines there used to be an excessive number of 
ball bearing failures some of which, we have since learned, 
failed because the wrong type of lubricant was being used. 

The maintenance and repair costs of the various ele- 
ments of the machinery are collected on special maintenance 
and repair codes. It is known periodically what effect cny 
changes we make in maintenance procedure, or in machine 
design, have on these maintenance costs. The maintenance 
costs on many of these elements has been substantially 
reduced either as a result of improved lubrication or a 
change in design which in most cases was brought cbout 
by a thorough study of lubrication. 

There are many intangible results that it would be 
difficult to record. It is known, however, that there ore 
fewer equipment failures and that bearing repiacement 
has been substantially reduced. There is less spoilage of 
product from lubricants. The morale of the lubrication men 
is better and the maintenance people, including the fore- 
man, are more interested in lubrication. They are more 
concerned about lubrication after each repair job than 
was true a few years ago. It is easier to keep the equipment 
and the floors clean because no excessive amount of lubri- 
cant is used and this, of course, helps to make the plant 
a safer place in which to work. 


(Feng, Continued from page 288) 


rubbing pressure, the greater the percentage of the oriented 
molybdenum disulfide. 

5. SIMILAR EXPERIMENTAL RESULTS OF GRAPHITE: The 
orientation of the graphite surface film has been investi- 
gated by Jenkins?®, Campbell and Kozak!®, and Fullam 
and Savage*®. Jenkins’ electron diffraction experiments of 
graphite showed that, in polishing a graphite surface, the 
graphite laminae have a tendency to take up an oriented 
position with the basal plane parallel to the surface. 
Campbell and Kozak's electron diffraction picture of the 
carbon brush and the friction track on the copper plate 


Other Industrial Uses: 


DIE CASTINGS 
MOLD COATINGS 
STEAM CYLINDERS 
WIRE DRAWING 

PARTING COMPOUNDS 
IMPREGNATION 
PLASTICS 
CORROSION RETARDANT 
RESISTANCE ELEMENTS 
STATIC CONTROL 
CONDUCTIVE COATINGS 
EXTREME PRESSURES 


360 WILKES PLACE 
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and for domestic consumption. The supply is always 
dependable, thanks to Suniso. 





TEMPERATURES FROM —50F to +50F 
are supplied by these Frick ammonia com- 
pressors. They circulate brine through coils in 
the ice plant and under the arena floor, and 
ammonia through coils in the cooling and quick- 
freezing rooms. One grade of Suniso lubricates 
all of these compressors. Overall efficiency has 
been 15 percent better ever since its adoption. 





75 TONS OF PEACHES AND APPLES 
are stored at 31 F to 35F. Nearby are cold rooms 
protecting potatoes, cheese and raisins at 38F 
to 40F, powdered milk for chocolate at 40F; a 
quick-freeze held at —40F to —50F; frozen food 
storage at —6F to —8F. These rooms are all 
serviced by the same central system which 
handles the arena and ice plant. 





450 TONS OF ICE can be safely stored in this room. 
All of it is needed for concessions at Hershey Park 





THE HERSHEY BEARS AVERT A SCORE. The ice for this sports 
arena has been supplied with the help of a Suniso Refrigeration Oil for 
about six years. With a previous oil, compressor breakdowns were a 
constant threat to the sports program. 


COMPRESSOR EFFICIENCY 
BOOSTED 15% BY SUNISO 


The refrigeration compressors which service the Hershey Sports Arena, 
home of the Hershey Bears, are part of a central system which also takes 
care of an ice plant, frozen food lockers and cold storage rooms. About six 
years ago, the compressors were losing efficiency because of an inadequate 
refrigeration oil. It formed excessive lacquer and carbon deposits, which 
clogged the lines and made frequent overhauls necessary. 

To solve the problem, management called in a Sun representative, and 
on his advice switched to a Suniso Refrigeration Oil. Suniso’s natural 
detergency immediately began attacking the deposits throughout the system, 
carrying the sludge to traps and filters. Soon the system was entirely clean. 
Since then—over six years ago—the compressors have run at an overall 
added efficiency of 15 percent, and have always been equal to the heavy 
requirements made of them. 


SUN OIL COMPANY, Dept. LE-12, Philadelphia 3, Pa. 


If faulty lubrication is possibly costing you compressor efficiency, use this coupon to get: 
[J the services of a Sun representative, [_] a free copy of the technical bulletin “Lubrication 
of Refrigeration and Air Conditioning Equipment.” 


Name. 





Title. 





Company. 





Street. 








SUNISO REFRIGERATION OILS + }: 


SUN OIL COMPANY, PHILADELPHIA 3, PA. 





e SUN OIL COMPANY, LTD, TORONTO & MONTREAL 


after running in the no-wear condition (in the presence of 
water vapor), showed oriented surface films on both 
surfaces with the cleavage planes in the plane of the 
plate and of the brush face. Their electron diffraction 
pictures taken after running in the wear condition (i.e. dry 
atmosphere) again showed carbon on both surfaces, but 
there was no sign of orientation. 

Fullam and Savage investigated graphite surface films 
formed under the no-wear condition with the aid of the 
electron microscope. However, their result was quite 
different. The surface film was found to consist of many 
tilted ‘fingers’, which were inclined at various angles up 
to nearly 90 degrees with reference to the plane of the 
rotating base. 

SUMMARY: Molybdenum disulfide has a laminar struc- 
ture, which is demonstrated by an electron micrograph of 
a molybdenum flake. The lubrication of molybdenum disul- 
fide is independent of condensed vapors. This makes it 
more suitable for applications involving a vacuous at- 
mosphere or one without a condensable vapor and also for 
applications at low temperatures. 

In addition to independence of lubricating characteris- 
tics on an adsorbed film. molybdenum disulfiide is stable 
in air to temperatures as high as 400 C. These two proper- 
ties combined together make it a good high temperature 
lubricant below its oxidation temperature, as well as a 
good high speed lubricant. Experimental results also show 
that molybdenum disulfide surface film gives a decreasing 
coefficient of friction with increasing normal loads and has 
a good resistance to penetration. 

Friction of the cleavage surface of a molybdenum disul- 
fide crystal has been found to be lower than that of the 
edges of the cleavage surface. X-ray diffraction study of a 
rubbed layer reveal an oriented molybdenum disulfide 
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@ With a minimum of several years’ experience 
in the theory and application of bearings and 
lubricants, for PERMANENT position with 
INTERNATIONAL BUSINESS MACHINES, 
Endicott, New York. 

Should have an engineering degree or equiv- 
alent and experience in porous metal sleeve 
bearings, ball and roller bearings and lubri- 
cants as used in intricate high speed electro- 
mechanical devices. 

Excellent living and working conditions, 
good salary, exceptional employee benefits, 
opportunity for professional development, 
moving expenses paid. 

Write, giving full details including educa- 
tion and experience, to: Mr. E. H. Getkin, 
Coordinator of Engineering Recruitment, 
International Business Machines, Dept. 686 (1), 
590 Madison Avenue, New York 22, N. Y. 
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surface film in which the percentage of oriented laminae can 
be increased by increasing the rubbing pressure. 
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using the high-speed steel tools. Recent work, however, 
shows that we shall be able to provide new soluble oils 
that work well at 5% concentration. 

Table Il gives some results on the extremely trouble- 
some Inconel M. Fig. 7 shows comparative life at varying 
speed with AISI 4147 steel. This shows the opportunity for 
increased tool life or increased speed, or a combination. 

Smoke with the new system is definitely a problem when 
high speed and heavy cuts are employed. There are several 
ways of caring for smoke, all of them quite feasible. Ex- 
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should have a nest egg” 
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“That nest egg can be in the form of U. S. Defense Bonds—a patriotic 
equivalent of’ cash. Defense-bond dollars grow. Americans who enroll in 
the Payroll Savings Plan become shareholders in Uncle Sam, Inc. With 
their chips in the — they are helping the country to deal with problems 


of finance and in 


ation. As investors in the nation they are more apt to 


vote for wise government policies to safeguard their investment.” 


Certainly every American should have a nest egg—and 
millions of them will: over 7,000,000 employed men 
and women, enrolled members of the Payroll Savings 
Plan, are putting aside approximately $150,000,000 
per month in the improved U. S. Defense Bonds. 

And there is no safer, better way to make dollars 
grow: the cash value of Series E Bonds held by indi- 
viduals on December 31, 1951, amounted to $34.8 
billion—$4.8 billion more than the cash value of 
Series E Bonds outstanding in August, 1945. 

Employers, too, benefit from the Payroll Savings 
Plan: the Payroll Saver is a serious worker. He thinks 
twice before he takes a day off—he’s mindful of the 
effect on his take-home savings. He’s a more careful 
worker—he wants to keep off the accident list. Records 


show that as employee participation increases, ab- 
senteeism and “Lost Time Accidents” decrease and the 
production curve goes up. 

Call for a report on your Payroll Savings Plan. What 
is the percentage of employee participation? Is the 
plan being brought to the attention of new employees? 

If your percentage is less than 50%, phone, wire or 
write to Savings Bond Division, U. S. Treasury Depart- 
ment, Suite 700, Washington Building, Washington, 
D. C. Your State Director will explain how easy it is to 
conduct a person-to-person canvass that will put a 
Payroll Savings Blank in the hands of every one of 
your employees. That’s all you have to do. Your 
employees will do the rest—they want to join the plan 
that provides for their security. 


The U. S. Government does not pay for this advertising. The Treasury De- 
partment thanks, for their patriotic donation, the Advertising Council and 
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hauster systems, where available, will handle the smoke 
satisfactorily. For those cases where smoke is not freely 
dischargeable on account of air pollution, precipitrons do a 
first-class job of elimination. Next in order of efficiency 
come air-washers and certain types of filters. 

But these methods are all fairly expensive, costing maybe 
more than the whole high-speed jet equipment. We there- 
fore devised a very simple device that works well for all 
cases where it can be installed. A spray form was de- 
veloped, using the former low-pressure circulating pump 
on the machine tool, with a ring of fine sprays mounted 
above the tool. This in many cases is enough; the spray 
head also serves to catch the high speed jet when not 
engaged in the cut. For severe smoke cases, a second spray 
ring is placed below the tool, shooting upward, with a 
horizontal spray closing the ring. Another form of spray 
head was developed employing a single slit spray instead 
of individual needle jets. The advantage of this latter form 
is that it is easy to make and the oil curtain is perfectly 
translucent. For very heavy cuts at high speed, this curtain 
contains the smoke formed at the tool, but the chips may 
be hot enough to continue smoking after breaking out of 
the curtain. For these cases additional quenching sprays 
must be used. 

The standard Hi-Jet unit has a capacity of 1.4 g.p.m. at 
400 p.s.i., and will supply eight 0.014 in. diameter jets or 
eleven 0.010 in. jets. With it will be supplied the suction 
and discharge gages, filters, relief valve and two lengths 
of flexible hose for connecting up. One nozzle setup will 
be provided with the unit. The cost, so far as can be 
definitely stated now, will be 2 to 4% of the cost of the 
machine tool to which the system is applied. 

A little work has been done on other types of cut, so 
we feel confident the system can be applied to boring, 





milling, drilling, threading and grinding. Curiously enough, 
although grinding is very different from turning in many 
respects, we found early last year considerable improvement 
in thread grinding. But it will undoubtedly take quite some 
detail design to fit the jets to all applications. The equip- 
ment for turret lathes is already laid out and will be in 
use shortly. 

It appears this system should be valuable on all long- 
run or production jobs where tool life is critical, or where 
increase of output is desirable. On the tough materials 
difficult to machine, it has produced improvement in tool 
life in every case. On the ordinary soft steels, it is possible 
to run at near carbide speeds with high-speed tools; for 
instance, SAE 1020 normalized, 400 s.f.m. cutting speed, 80 
min. tool life. 

Where tool life is increased by this method, tool in- 
ventory and tool grinding are reduced. A small quantity 
of the power units are available now and quantity produc- 
tion will be established shortly. Undoubtedly one or two 
sizes of larger units will be produced later, as we have 
already run into production jobs that require 10 g.p.m. 
pumps and 40 jets per machine. 

New jet mounts have been designed, placed directly 
under the tool. These eliminate chip interference, do not 
require a separate location from the tool, and allow for 
applying the jets to boring and box tools. 

There is a good deal of work yet to be done in detail 
on application, but it would seem this method offers an 
increase of production of the same order of magnitude as 
the increase of carbides over high-speed steels. 

We did accomplish our original object—to get more 
consistent repeat tests; the Hi-Jet method varies far less 
than the conventional overhead system because build-up, 
a cause of uncontrolled variation, is eliminated. 
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Madison-Kipp Model 
SVH Lubricator 
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XLE Compressor. 


eoee STANDARD EQUIPMENT ON COMPRESSORS, 
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Oil under pressure fed drop by drop from a Madison-Kipp 
Lubricator will definitely increase the production potential 
for years to come when applied as original equipment on 
‘new machine tools, work engines and compressors. There 
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To determine the relative performance character- 
istics of five competing open gear lubricants, a 
major steel producer established the 4-Gram Test 

. an experiment which reproduces as closely 
as possible service conditions encountered in open 
gear lubrication. 

In this experiment the Timken Testing Procedure 
was modified slightly to reproduce more precisely 
actual service conditions. Flow of lubricant to the 
hardened and ground steel block and cup was cut 
off, and 4 grams of the lubricant being tested were 
applied at room temperature. The machine then 
was set in motion and watched closely for signs 
of scoring. 

Five lubricants, all ac- Results 
cepted by industry as ‘‘good OF 4-GRAM TEST 





quality,’’ were tested. Results 
showed that LEADOLENE 
KLINGFAST gave over 


LEADOLENE KLINGFAST 
-——30 minutes—without scor- 
ing or failing. 








314 times the service of 
the next best lubricant 
and up to 6 times the 
service of the other lubri- 


LUBRICANT “A” —5 min- 
vtes—a high grade com- 
pound scored at 5 minutes 
and failed in 12 minutes. 





cants tested. 





In testing and in actual 
service LEADOLENE 
KLINGFAST—with its ‘In- 


LUBRICANT "B"—8& min- 
utes—o reputable lubricant 
of residual nature scored and 
failed in 8 minutes. 
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destructible pH-ilm strength” 
of 50,000 pai-—profite you ft wre eget com 
in two ways: from lowered pounded extreme pressure 
lubrication costs due to less 
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lubricant scored and failed 
in 6 minutes. 

frequent application, and 

from greater service life of 

machinery being 

lubricated. 


LUBRICANT "D" —6 min- 
utes—a lead-compounded 
lubricant scored and failed 
in 6 minutes. 
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A study of the inventory of tools installed and produced 
each year in ihe United States alone shows that from 30 
to 40% of the totals could profitably use this system. In 
this estimate only tools on straight production or long-run 
cuts are included. 


(Etchells, Continued from page 292) 


process using powdered metals!* 1%, Table Vil gives the 
SAE specification of standard commercial analysis. The 
higher lead content gives a higher anti-score characteristic, 
but at the expense of strength. SAE 480 has a broad range 
to cover the numerous compositions; so the designer should 
specify closer tolerance for purchasing. 

To obtain higher strength, tin up to 3% and silver up to 
5% are added at a sacrifice of anti-score quality. The 
tendency of such an alloy to score can be offset by over- 
plating with a thin coating of lead alloy, which results in 
one of the highest load-carrying plain bearings now in mod- 
ern use. These are commonly known as tri-metal materials 
(Fig. 4). 

BRONZES: Bronzes are valuable because of their low 
cost and wide range of characteristics as determined by the 
many various compositions. They are especially resistant to 
wear when used with hard shafts or journals. 

The number of commercial bronzes is very large. The 
SAE specifications in Table VIll can be used as a guide in 
conjunction with Table |, which gives typical examples for 
their use. Numerous variations of these bronzes and special 
purpose bronze alloys are to be found in the ASTM Stand- 
ards, Part 1-B, and in the SAE Handbook. 

ALUMINUM ALLOYS: There are three aluminum bearing 
alloys commercially available as shown in Table IX. The 
XB-80S is a strip alloy and may be obtained with a steel 
backing, whereas 750 is furnished without steel backing. 
Bearing manufacturers should be consulted for specific in- 
formation on the best application for these compositions. 
The 3889M material recently announced!*: is produced by 
the strip process, securely bonded to a steel backing (Fig. 5). 
The finished bearing carries a lead-babbitt overplate ap- 
proximately .0003”-.0008” thick. This is another tri-metal 
type bearing material which may be classified in the moder- 
ate cost, high-load, high-speed group. 

CADMIUM ALLOYS: These alloys are used in very spe- 
cial designs where their added cost is justified by the in- 
crease in fatigue life. Table X gives the SAE specifications 
which are essentially the same as may be obtained com- 
mercially. These materials are attacked by corresive oils 
unless treated with indium. 

MISCELLANEOUS ALLOYS: Two special types of bear- 
ing materials that are important commercially but restricted 
to specific duties are zinc castings and sintered powdered 
metal, the porous types. 

Zinc castings are used where low cost is desired and 
where the load and speed are low. Zinc and its alloys are 
not good anti-friction metals and will score readily if the 
load and speed are too high. 

Sintered powdered metal bearings are important for lo- 
cations where oil is rarely applied. These bearings are 
referred to as “‘oil-less,"" but they function because oil is re- 
tained in the pores of the sintered metal. Typical service is 
in washing machines and small electric motors. 

CONCLUSIONS: The determination of the material speci- 
fication for a plain bearing application involves a compro- 
mise of the various factors which have been discussed. In 
the functional chart, (Fig. 6), the four important requirements 
are shown® for the most popular materials. Because it is 
very difficult to assign exact values to these properties, the 
length of each line may be taken as a measure of approxi- 
mate order. 
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The selection of the proper bearing material for any ap- 
plication is an art in which competent experience plays an 
important part. When new problems and new conditions 
arise, it may be necessary for even the most experienced 
person to obtain new data. 
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in several ways. Experience has shown that ‘worn-in" gears 
seldom create erosion fatigue damage in bearings. There- 
fore, any means to cause early wear-in of gear teeth will 
be useful. Extreme pressure lubricants have been found quite 
effective. A chemical phosphide treatment of the gear teeth 
has been found to be equally effective. In each of these 
cases the gear mating action is smoothed up by rapid wear- 
in of the teeth. It should be mentioned that in each of 
these instances, erosion damage will occur on the bearings 
during this run-in period, but that no damage will occur 
on replacement bearings. A method used successfully in 
many instances has been to alter the gear tooth profile in 
a manner which results in smooth mating action. 

BEARING DESIGN CONSIDERATIONS: (1) MATERIALS 
AND CONSTRUCTION: Recognizing the fact that the selec- 
tion of a bearing material for a given application is usually 
a compromise, the final> choice must be dictated by the 
over-riding requirement. Perhaps cost may be the deciding 
factor. In any event, an array of materials is available from 
which the optimum functional choice can be made. 

The proper ratio of lining-to-backing thickness has been 
established by experience, and the information is made read- 
ily available to the designer by the bearing manufacturer. 
The constructions described earlier in this report are com- 
mon to the industry. 

(2) TEMPERATURE: The ever-increasing bearing loads and 
speeds make it mandatory that particular attention be paid 
in design to keep the bearing operating temperature at a 
safe value. The maximum permissible operating temperature 
must be established by the bearing designer (who is aware 
of the limitations of his materials) and not by the engine 
builder or operator. The deleterious effect of temperature on 
bearing fatigue life is shown in Fig. 1 for babbitt bearings. 

While the same curve may not be directly applicable to 
the copper-leads, bronzes, aluminum and silver, the effect 
of temperature on the overlay materials which are quite 
often used on the above is quit the same! For this reason, 
and to avoid too rapid oxidation of the lubricant and 
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possibility of bearing corrosion, the upper limits of safe 
bearing operating temperature are set at 275-300 F., de- 
pending upon the material used. 

Several steps must be taken to insure that the safe bearing 
operating temperature will be maintained, as follows: (a) 
Provision of adequate bearing clearance at all operating 
and ambient temperatures to which the bearing assembly 
may be subjected, keeping in mind the possible differential 
expansion rates of bearing, housing and journal. The effect 
of bearing clearance on oil flow (and temperature) is very 
significant and is often the factor which decides whether or 
not the bearing functions in a satisfactory manner. -(b) Pro- 
vision of positive escape passages to permit the free flow 
of lubricant from both ends of the bearing. This quite 
frequently necessitates grooving the thrust faces of the 
bearing or washer to avoid sealing off the flow due to 
either direct or indeterminate thrust face loading. (c) In 
the operation of automotive engines it is necessary to have 
very small bearing clearances due to the fact that, as vertical 
diametral clearances increase over .0022”, there is also an 
objectionable increase in bearing noise. The oil flow through 
a bearing can be increased in various ways when small 
clearances must be maintained. Among these is the use of 
an eccentric bearing where the vertical clearance remains 
small so as not to increase bearing noise, but the horizontal 
clearance is increased. In one specific case, an eccentric 
bearing had a vertical diametral clearance of .0009” and a 
0017” horizontal diametral clearance. In this design the 
oil flow at 2000 r.p.m. increased to .020 gal./min. from the 
009 gal./min. for the concentric bearing. Under these same 
conditions the temperature versus speed relationship has 
been calculated and plotted as shown in Fig. 4. Note that 
for the concentric bearing under minimum clearance condi- 
tions of .009”, the oil flowing from the bearing is above 
400 F. at 2000 r.p.m. The eccentric bearing with .009” 
vertical and .0017” horizontal clearance reduces the oil 
spill temperature at 270 F. at the same speed. As stated 
previously, high temperatures caused by low clearances and 
insufficient oil flow have several bad effects on bearing 
performance, among these being the rapid reduction in 
fatigue life of the bearing material. Oil spreader grooves, 
circumferential grooves and parting line chamfers are also 
frequently used to increase oil flow. (d) The provision for 
adequate lubrication under all conditions of operation cannot 
be over-emphasized. Particular reference is made here to 
the condition wherein the engine is operated for short but 
dangerous periods of time without oil pressure. This often 
occurs on the start. The 30 to 60 seconds of oil starvation 
quite frequently results in initial damage to the bearing and 
localized fatigue. In many cases, however, it starts the 
vicious circle of bearing and shaft scoring which eventually 
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100 F. Under these conditions of operation, pitting occurred 
may lead to complete bearing seizure. This has been the 
author's experience with aircraft engines, and the same 
situation may exist in automotive and diesel installations. 
There is some reason for belief that this is one of the most 
frequent (but very often unrecognized) causes of sleeve 
bearing failures today. With present engine designs, engine 
pre-oiling is the best remedy. (e) In applications wherein the 
bearings are urged to carry extremely high loads, the shaft 
deflections may be great enough to severely end load and 
fatigue the bearings. This has occurred in high-powered 
aircraft engine master rod bearings. A solution to this prob- 
lem was found by end relieving the bearing |.D. to a depth 
of approximately .001” for lengths from 4 to 3”. It has 
been found more practical to determnie the amount of 
relief in each case by empirical methods rather than by 
calculation. (f} In specialized cases where extreme light- 
ness of shaft and housing are necessary but the loads are 
high, the resulting deflections of the parts may result in a 
condition which the bearing designer can alleviate only by 
complicated and costly measures. Aircrait engine high speed 
planetary reduction gear systems are a case in mind. The 
situation was severe in reciprocating engines but is doubly 
so in turboprop gas turbines wherein tremendous power 
must be transmitted by the reduction gear system to the 
propeller. Unit bearing loads of 2000 p.s.i. at rubbing ve- 
locities of 70 ft./sec. must be carried on oil whose viscosity 
is only slightly better than that of kerosene. Besides this, 
there is no assurance that the total load is equally divided 
between the several planet pinion bearings used. In this 
instance, a successful bearing design has been evolved in 
which an extra oil film is provided on the O.D. with pro- 
vision made to prevent rtation. This is done either by the 
use of splines at one end or end slots engaging mating 
stationary members. 
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It is hoped that an idea or two presented in this paper 
will furnish a clue toward the solution of some existing bear- 
ing fatigue problems; but more so, that known facts on 
sleeve bearings be judiciously applied in the design stage so 
thai there will be fewer and fewer ‘‘tired’’ bearings. 


(Carmichael-Purdy, Continued from page 297) 


in a relatively short time. By employing a higher film strength 
lubricant, of the type referred to above, pitting was elimi- 
nated and bearing life was extended to that of normal 
duration. 

It might also be pointed out that the pitting of gear teeth 
at the pitch line, where only rolling action is involved, can 
often be prevented by running in the gears for a short time 
under overload with an extreme-pressure lubricant. It is 
believed that the mechanism of action in this case is similar 
to that discussed above, namely, a smoothing of the surface 
in the pitch-line region with a subsequent improvement in 
load distribution before fatigue failure can occur. 

lt should not be construed from the above that all anti- 
friction bearing fatigue failures are due to surface roughness 
or that an extreme-pressure lubricant can usually prevent or 
retard fatigue. The results of evaluation in a needle-bearing 
tester, using a special type lime-base grease with and with- 
out extreme-pressure additives (lead soap and _ sulfurized 
fat), illustrate this point. The needle bearings (0.75” bore, 
1.0” OD and 0.75” long) of this tester were operated at a 
speed of 1,000 rpm and under a load of 865 pounds per 
bearing until failure occurred. Bearing temperatures were 
recorded during the runs, and the rollers were examined 
prior to complete bearing failure. The results of these tests 
are given in Table I. 

Because the surfaces of these rollers were finished to a 
high order of smoothness, and because of their spalled ap- 
pearance, as shown in Fig. 5, it must be concluded that the 
entire surface was subjected to stresses beyond the endur- 
ance limit of the metal. It is evident from the results that, in 
this case, the extreme-pressure additives had no effect either 
in retarding or preventing fatigue. 

EFFECT OF RUST-PREVENTATIVE PROPERTIES OF THE 
LUBRICANT: A large amount of experimental work has been 
carried out and reported on the deleterious effects of corro- 
sion on the fatigue resistance of metals. McAdam?° has 
shown, for example, that cyclic stresses accompanied by 
corrosion is considerably more harmful from the fatigue 
viewpoint than cyclic stresses without the corrosion. Since 
the nucleus for fatigue need be only a minute spot on the 
surface of the metal, it is obvious that corrosion can lower 
the endurance limits at which the surfaces will deteriorate. 

The polished surfaces of anti-friction bearings are par- 
ticularly susceptible to rusting whenever water enters the 
bearing, either as a result of condensation or leakage. One 
of the important functions of the lubricant is to protect these 
surfaces against corrosion. 

Lubricating oils and greases differ materially in their 
ability to protect against rusting, and some products contain 
addition agents specifically designed to inhibit rusting. The 
effectiveness of rust preventative additives depends not only 
upon the chemical composition thereof but also upon the 
quantity of water present and its corrosive characteristics. To 
the extent that the lubricant can prevent corrosion under any 
given set of conditions, to that same exteni will the bearing 
be protected against corrosion-fatigue. 

It is not always possible to prevent fatigue of this type 
through choice of the lubricant. In a recent case, for ex- 
ample, corrosion-fatigue developed in spherical roller bear- 
ings, as shown in Fig. 6, because of leakage of river water 
into the bearings. The ingress of water could not be pre- 
vented, but by changing from the use of a highly corrosive 
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Bearings working at 375°F. in an oven con- 
veyor system for baking the finish on elec- 
trical parts, failed frequently in spite of 
weekly relubrication. And many finished 
parts had to be rejected because of flaws 
caused by oil bleeding out of the bearings 
and dripping onto the uncured paint. Since 
using Dow Corning 41 Grease, bearing failure 
and rejects caused by melting grease have 
been eliminated, and the bearings have to 
be relubricated only twice a year. 

After more than 30 months of service, con- 
veyor bearings lubricated with Dow Corning 
41 Grease are still running smoothly through 
an enamel drying oven operating at 300°F. 
Bearing failures 
have been elimi- 
nated, mainte- 
nance and lubri- 
cation costs have 
been reduced to 
the vanishing 
point; production 
hasbeen increased 
by atleast the $100 
worth of parts a 
day that were 
formerly rejected 
because the finish 
was spoiled by the 
dried-up, graph- 
ite-kerosene lubricant that fell down from 
the bearings. 

As an antiseize agent on the die threads of 
glass forming machines, Dow Corning 41 
Grease makes it easy to take dies apart even 
after 6 months of operation at 340-380°F. 
Similarly, die assemblies used in molding 
phenolic closures formerly froze so tight that 
a welding torch was used to cut the dies and 
bolts apart. The same assemblies lubricated 
with Dow Corning 41 are easy to disassemble 
after long exposure to heat and steam. Hold- 
down bolts on rubber and plastic presses are 
also lubricated with Dow Corning 41 to pre- 
vent seizure. 
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Count the number of conventional motors 
you have in your plant. Multiply that number 
by $4.52 and you have the average yearly cost 
of lubricating these motors plus the cost of 
motor failure caused by improper lubrication. 
With an estimated 10 to 15 million motors 
now in service, American industry spends 45 
to 67 million dollars a year that might be 
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coupled to forced draft fans. In spite of fre- 
quent relubrication with organic greases these 
bearings had a service life of about 6 months. 
The electrical foreman finally installed bear- 
ings prelubricated with Dow Corning Grease 
44, These bearings have never been relubri- 
cated and they are still in service after about 
2 years of operation. 

Such performance con- 
firms the testing done by 
Dow Corning, by bearing 
manufacturers and by the 
military establishment. It 
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Silicone Grease 44 to last 
at least 10 times longer 
than high temperature 
petroleum grease. 
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river water to water having lower chloride and sulphate 
contents, a lubricant was selected that protected against 
corrosion-fatigue. 

It should be pointed out that corroded areas on bearing 
surfaces may be worn away before cyclic stresses can cause 
fatigue. However, if the corroded area is not worn off, even 
though minute in size, it can act as a stress raiser and even- 
tually lead to fatigue, if cyclic stresses are above the en- 
durance limit. 

EFFECT OF SEALING PROPERTIES OF THE LUBRICANT: 
In some applications where inadequate bearing seals are 
employed, and particularly where greases are used, the lu- 
bricant can sometimes play an important part in preventing 
contaminants, such as solids, corrosive liquids, etc., from en- 
tering the bearing. By preventing entrance of foreign ma- 
terials, the lubricant can, in some cases, retard or prevent 
fatigue failures which might otherwise have resulted from 
contamination. 

Solid contaminants that migrate between race and roll- 
ing elements of an anti-friction bearing can, if sufficiently 
hard, cause dents in the race track. The edges of such dents 
tend to be highly stressed by the rolling elements and crum- 
ble rather quickly in fatigue. In some cases, a small dent 
may grow larger and larger until the bearing fails, whereas 
in other cases, the rolling elements will either roll or wear 
the edges of a dent smooth before fatigue can occur. Dents 
or scratch marks in radial babbitt bearings generally will not 
result in fatigue failure. 

Greases differ widely with respect to their ability to seal 
out extraneous materials from bearings. Consistency and re- 
sistance against structural breakdown under shearing action 
are two of the characteristics upon which this ability de- 
pends. Although some greases are quite effective in prevent- 
ing the entrance of contaminants, this property cannot be 
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relied on as a substitute for properly designed bearing seals. 

SUMMARY: The possible effects of certain of the char- 
acteristics of lubricants on bearing fatigue, including vis- 
cosity, film strength, corrosion prevention and ability to seal 
against contaminants, have been considered in the light of 
present day knowledge. Generally speaking, bearing fatigue 
failures are not directly influenced by the lubricant. How- 
ever, in some instances, the aforementioned characteristics 
of oils and greases may play an indirect role in minimizing 
this type of bearing surface deterioration. 
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Coming 
Events 











DECEMBER 
26-31 American Association for the Advance- 
ment of Science, Jefferson Hotel, St. Louis, Mo. 


JANUARY 

7-8 Kentucky Petroleum Marketers Association 
(Annual Meeting—Trade Show), Brown Hotel, 
Louisville, Ky. 

12-16 Society of Automotive Engineers (An- 
nual Meeting & Engineering Display), Sheraton- 
Cadillac, Detroit, Mich. 

15-16 National Industrial Conference Board, 
Astor Hotel, New York, N. Y. 

19-23 American Institute of Electrical Engineers 
(Winter General Meeting), Hotel Statler, New 
York, N. Y. k 

26-27 Compressed Gas Association, Inc. (An- 
nual Convention), Waldorf-Astoria, New York, 
N.Y. 

26-29 American Society of Heating & Ventilat- 
ing Engineers, Conrad Hilton Hotel, Chicago, III. 

26-30 Eleventh International Heating & Ven- 
tilating Exposition, International Amphitheatre, 
Chicago, Ill. 


FEBRUARY 

1-6 American Society for Testing Materials 
(Com. D-2 on Petroleum Products & Lubricants), 
Hotel Cleveland, Cleveland, Ohio. 

5-7 Missouri Petroleum Association (Annual 
Convention), Hotel President, Kansas City, Mo. 


APRIL 

13-15 American Society of Lubrication Engi- 
neers (8th Annual Meeting & Exhibit), Hotel 
Statler, Boston, Mass. 


(Lube In the News, from 299) 


structure of molybdenum and _ sulfur 
which makes it a natural lubricant, is 
described in Bulletin 96 and offered 
by The Alpha Corp., 179 Hamilton 
Ave., Greenwich, Conn. 


TRABON CENTRALIZED LUBRICATION 
SYSTEMS, a 4-page two-color _ illus- 
trated folder, covers pertinent sales 
points about the application of pat- 
ented Trabon automatic lubrication 
systems, and includes engineering de- 
scription of technical methods of 
operation in the case of Trabon’s Re- 
versible and Manifold types of lubri- 
cation systems. Write for Bulletin 529, 
Trabon Engineering Corp., 1814 E. 40th 
St., Cleveland, Ohio. 


TURBINE OIL RECLAIMER AND CON- 
DITIONING SYSTEM, directly con- 
nected to the turbine reservoir or oil 
tanks for continuous operation or to 
dirty and clean oil tanks for batch 
operation, are units supplied in a 
single, self-contained package includ- 
ing all the accessories such as pumps, 
motors, heater, heat exchanger, etc. 
Method of purification consists of dirty 











. alt” 


FLOW SIGHTS 


Bowser Flow Sights let you “see all”—enable you to keep a 
watchful eye on your liquid handling operation. It pays to know 
just what's going through your lines. Available in either single 
or double window, gravity or pressure models, Bowser Flow 


Sights are made in various metals for a variety of liquids. 
saaiios 
* 


FIG. 813 


This vane-type Bowe 
ser Indicator is 
spring-actuated, 
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the line. 






















FIG. 815 
& 
FIG. 54A 


This Bowser Flow Sight is 
recommended for use on 
gravity lines where the flow 
is vertically downward. 
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FIG. 816 


The Figure 816 Bowser Teleflo 
Indicator is equipped to oper- 
ate a gong or to stop pump 
motor if liquid flow stops. 
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oil flowing to a pump which delivers it 
through a heat exchanger to a pre- 
heater and through a bed of filtering 
material. After filtration, the oil flows 
into an evaporating chamber where all 
traces of water and moisture are re- 
moved, all the solid matter and acids 
having been retained in the filtering 
material. The oil then flows to a heat 
exchanger where the warm oil trans- 
fers heat to the cold incoming oil and 
then to a pump and back to turbine 
oil reservoir or clean oil tank. Write 
for Bulletin R-275, Hilliard Corp., 102 
W. 4th St., Elmira, N. Y. 


(Lube Summarized, from 298) 


very low friction reported for diamond, 
in air, shows that a substance may be 
well lubricated by adsorbed films alone 
even though possessing a very unfavor- 


how & 


able (tetrahedral) structure. A conclu- 
sion which follows is that while the 
structure undoubtedly has at least an 
important effect in promoting deposition 
of relatively impenetrable thin smooth 
solid films on bearing surfaces (cf. 
graphite and diamond), the primary re- 
quirement for completing the lubrica- 
tion is that the surface fields of force 
must be compensated. With carbon this 
occurs through adsorption, and the 
powerful gettering properties of the 
wear dust indicate the magnitude of 
some of these forces when lubrication 
is incomplete. With boron nitride the 
lubrication was invariably incomplete 
and the wear dust did not show strong 
adsorption. It has not been determined 
whether the MoS. when operating 
smoothly in vacuum does so by virtue 
of truly intrinsic lubricant characteris- 
tic (e.g., weak S-S bonding) or whether 


lubricates an air 


cylinder with less than 1 cfm of air 
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some hitherto unsuspected surface films 
play a part. 


(Section News, from 301) 


MILWAUKEE: Sept. meeting—R. O. 
Bartels, Socony-Vacuum Oil Co., pre- 
sented a talk entitled Some Economical 
Aspects in the Storage, Handling, and 
Dispensing of Petroleum Products. Oct. 
meeting—Tour of Norberg Mfg. Co. 
plant. Future meetings: Dec. 15 and 
Jan. 19, 6:30 P.M. E.S.M. Bldg. 3112 
W. Highland Blvd, Milwaukee, Wisc. 
(Submitted by R. W. Schroeder, Sec’y.) 


NEW YORK: Sept. meeting—Short film 
Lubrication Ain't No Problem, followed 
by a Plant Lubrication Panel of four 
industry representatives discussing the 
practical side of organizing and oper- 
ating lubrication departments. Oct. 
meeting—M. E. Merchant, Cincinnati 
Mill. Mach. Co. and ASLE President, 
discussed his experiences with cutting 
fluids, the relationship with tool angles 
and materials, and cutting speeds; he 
further spoke on the major accomplish- 
ments and objectives of ASLE. Nov. 
meeting—R. A. Shartle, Vickers, Inc., 
spoke on Trends in Hydraulic System 
Designs, outlining past and future think- 
ing in hydraulic system design trends 
with some references to fluid problems. 
Future meetings: December 11 (Panel 
— Recent Lubrication Developments) 
and Jan. 21 (Diesel Engine Lubrication), 
6:00 P.M., Rosoff's Restaurant, 147 W. 
43rd St., Manhattan, N. Y. C. (Sub- 
mited by E. Landau, Sec’y.) 


NORTHERN CALIFORNIA: Oct. meet- 
ing—Speaker A. G. Zima, The Inter- 
national Nickel Co., Inc., and movie, 
Corrosion in Action in three parts. 
(Submitted by P. M. Ruedrich, Sec’y- 
Treas.) 


PHILADELPHIA: Sept. meeting—Panel 
Discussion Be A Lubrication Expert in 
Your Own Plant with panelists J. Duni- 
gan, SKF Industries, L. Miller, Scott 
Paper Co., and R. Sheetz, Henry Dis- 
ston & Sons Co., commencing with 
the basic fundamentals of the job of 
lubrication engineer, discussion of the 
proper application of the lubricant, 
how to reduce the quantity of lubri- 
cants in any one plant, and the advan- 
tage of a central location with the 
plant for storage and maintenance of 
lubricants and lubricating devices. It 
was decided to form a Clearing House 
within the section to answer any and 
all problems on the subject of lubri- 
cation of business firms in the area. 
Nov. meeting—V. E. Amspacher, Penn- 
sylvania Railroad, presented an address 
entitled Reclamation of Used Industrial 
Oils. (Submitted by J. L. Beatty, Pub- 
licity Committee Chairman.) 
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SAGINAW VALLEY: Future meeting: 
Jan. 22, 6:45 P.M., Zehnders Hotel, 
Frankenmuth, Mich., (Submitted by D. 
H. Buell, Sec’y.) 


TWIN CITIES: Sept. meeting—Reorgani- 
zation meeting with W. P. Youngclaus, 
Jr., ASLE Administrative Secretary, and 
J. W. Hopkinson, Penn-Petroleum Corp. 
and ASLE Midwestern Regional Vice- 
President, as counselors. (Submitted by 
W. H. Furst, Sec’y.) 


WHEELING: Sept. meeting — Charter 
Meeting and election of officers (See 
Directory), with M. E. Merchant, Cin- 
cinnati Mill. Mach. Co. and ASLE Presi- 
dent, as speaker of the evening discuss- 
ing Problems of Friction and Wear, 
illustrated with slides, followed by a 
question-and-answer session. (Submitted 
by W. P. Liller, Sec’y-Treas.) 


YOUNGSTOWN: Future meetings: Dec. 
11 and Jan. 8, 6:00 P.M., V.F.W. Bldg., 
Mural Restaurant, 225 W. Boardman St., 
Youngstown, Ohio. (Submitted by R. 
S. Scheidemantel, Sec'y.) 


(Patent Abstracts, from 302) 


metal soap of fatty acids having between 12 
and 24 carbon atoms, a metal salt of an organic 
acid having a molecular weight below about 
160, and a metal soap of a branched chain 
aliphatic carboxylic acid having between about 
10 and about 20 carbon atoms, of which at 
least 2 carbon atoms are tertiary and having at 
least one thioether linkage in the chain. 


LUBRICATING GREASE COMPOSITIONS, Patent 
# 2,612,473, A. J. Morway and P. V. Smith, Jr., 
assignors to Standard Oil Development Co. A 
lubricating grease composition comprising a ma- 
jor proportion of lubricating oil thickened to a 
grease consistency with a combination of a 
metal soap of fatty acids having between 12 
and 24 carbon atoms, a metal salt of an organic 
acid having a molecular weight below about 
160, and a metal soap of a branched chain 
aiphatic carboxylic acid having between about 
19 and about 20 carbon atoms, of which at least 
2 carbon atoms are tertiary and having at least 
one ether linkage in the chain. 


KETO-ACID SOAP GREASES, Patent #£2,613,182, 
L. W. Sproule and L. F. King, assignors to 
Standard Oil Development Co. A_ lubricating 
grease composition comprising a major propor- 
tion of lubricating oil thickened to a grease 
consistency with a minor proportion of a metal 
soap of 12-keto stearic acid. 


SULFURIZED ADDITIVES FOR LUBRICATING 
COMPOSITIONS, Patent #2,613,183, A. D. 
Kirshenbaum and J. M. Boyle, assignors to 
Standard Oil Development Co. An extreme pres- 
sure additive composition for lubricants con- 
sisting essentially of the reaction product of 
about 1 molar proportion of a monocyclic ter- 
pene with about 1 to 2 molar proportions of a 
sulful chloride, the quantity of said sulfur chlo- 
tide being substantially sufficient to saturate one 
double bond in said terpene, said reaction prod- 
uct being further reacted with about 0.001 to 
0.1 molar proportion of phosphorus sulfide at a 
temperature of 100 to 175 C. 





The VR filter is designed 
for filtering hydraulic oil, 
quenching oils, trans- 
former oil, solvents .and 
other industrial liquids. 





The Sumptype filter is ideal for filter- 
ing coolants. The filter plate assembly 
is attached to the intake pipe of the 
circulating pump and the coolant is 
drawn through the filter discs and de- 
livered clean and free from all metal 
particles and grit, to the nozzels. 





% Clean hydraulic oil greatly pro- 
longs the life of all moving parts, 
such as pistons, cylinders, pumps, 
valves, etc. 


% Filtering hydraulic oil extends the 
life of the oil. Drain and leakage 
oil may be reclaimed. One large 
user of hydraulic machinery saved 
$90,000.00 in hydraulic oil alone 
in one year by filtering oil with 
Sparkler Filters. 


% Filtering hydraulic oil eliminates 
sticking and clogging of valves 
and reduces down time and main- 
tenance cost. A prominent authority 
on hydraulic machinery says that 
70% of servicing and repairs is 
due to the improper condition of 
hydraulic oil. 


Filtering coolant fluid removes all 
fine metal particles and grit from 
grinding wheels that is pumped 
back to nozzles unless a filter is 
employed in cleaning up the 
return coolant. 


Clean filtered coolant prevents 
scratching and flat spots on work 
piece and increases the life of 
grinding wheels and cutting tools. 
Reduces the frequency of dressing 
grinding wheels. 

The Sparkler VR filter is con- 
structed on a simple filtering prin- 
ciple using filter paper as a media. 
The filter plates can be removed 
easily for cleaning which con- 
sists only of removing the dirty 
paper and replacing with fresh 
sheets. Any shopman can make this 
change of paper in a few minutes. 
The cost of replaced paper is less 
than a dollar per change. 


Let a Sparkler representative demonstrate these filters in your plant 


SPARKLER MANUFACTURING CO. 
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of lubricant 


sulfide is a tenacious solid- 
film lubricant with remarkable 
properties under extreme pres- 
sure, high velocity and fretting 
conditions. Many new uses for 
Maoly-sultide are being found ev- 
ery day in the shop and the field. 


We have compiled 154 case- 
histories of successful applications 
of molybdenum sulfide to solve a 
wide range of industrial and tech- 
nical problems; these are pub- 
lished in a form most useful to 
those who want practical infor- 
mation on what has already been 
accomplished by this new kind 
of lubricant. 


Send for your free copy of 
Maly-sultide: In The Shop—In 
The Field, a 40-page booklet of 
up-to-date information. 


Moly-sulfide 


A LITTLE DOES A LOT 


Climax Molybdenum Company 


500 Fifth Avenue 
New York City 36.N-Y 
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LUBRICATING OIL CONTAINING A COPOLY- 
MER OF AN ESTER OF AN UNSATURATED ACID 
AND A N-HYDROCARBON AMIDE OF AN UN- 
SATURATED ACID, Patent 72,613,184, W. E. 
Catlin, assignor to E. |. duPont deNemours & 
Co. A lubricating oil containing from 0.1% to 
10% by weight of an oil-soluble copolymer of 
an alkyl ester, in which the alkyl ester group 
contains from 4 to 18 carbon atoms, of an un- 
saturated aliphatic acid, and a N-hydrocarbon 
amide of an unsaturated aliphatic acid in which 
the hydrocarbon radical attached to the nitro- 
gen atoms has from 4 to 18 carbon atoms, said 
unsaturated acid in each instance being selected 
from the group consisting of acrylic acid and 
alpha-alkylacrylic acids in which the alkyl group 
contains from 1 to 3 carbon atoms, the amide- 
nitrogen content of said copolymer ranging from 
0.2% to 7.0% by weight. 


GREASE COMPOSITIONS, Patent # 2,614,076, R. 
J. Moore and W. Saarni, assignors to Shell De- 
velopment Co. A grease composition comprising 
a lubricating oil base and a lithium soap of a 
hydroxy fatty acid having 10 to 24 carbon atoms, 
wherein the hydroxyl group is more than 9 
carbon atoms removed from the carboxyl group, 
in an amount sufficient to thicken said oil to a 
grease consistency, and a second alkali metal 
soap of an organic monocarboxylic acid having 
3 to 18 carbon atoms, said second soap bearing 
a substituent which is capable of forming a co- 
ordinate bond and which is less than 9 carbon 
atoms removed from said carboxyl group, the 
second soap being present in an amount be- 
tween 0.1% and 0.25% by weight of the grease 
composition, the substituent being one selected 
from the group consisting of hydroxy, keto, 
amino, nitro, mercapto, thiol and sulfo groups. 


GREASE COMPOSITION, Patent #£ 2,614,077, R. 
J. Moore and W. Saarni, assignors to Shell De- 
velopment Co. A grease composition contain- 
ing only carboxylic acid soaps as gelling agents 
comprising a lubricating oil, 4 to 25% by weight 
of a mixture of lithium soap of an aliphatic 
monocarboxylic acid having 10 to 24 carbon 
atoms bearing no polar groups other than the 
carboxyl group, and an alkali metal soap of an 
aliphatic monocarboxylic acid having 3 to 18 
carbon atoms bearing a hydrogen bonding sub- 
stituent less than 9 carbon atoms removed from 
the carboxyl group, the second soap being 
present in an amount between 4 and 12 mole 
per cent of the total soap content, said hydro- 
gen bonding substituent being one selected from 
the group consisting of hydroxy, keto, amino, 
nitro, mercapto, thiol and sulfo groups. 


LUBRICATING COMPOSITIONS, Patent #2,614,- 
078, L. R. Churchill, assignor to Tide Water 
Associated Oil Co. In the preparation of lubri- 
cating compositions by blending a mineral oil 
with a sulfurized fatty oil that substantially in- 
creases the color characteristics of said mineral 
oil, the improvement which comprises subjecting 
said blend to controlled contact with a free- 
oxygen containing gas in the presence of a metal 
salt of an organic acid possessing activity as an 
oxidation catalyst for a period of time sufficient 
to substantially decrease the color characteristics 
imparted to said blend sulfurized fatty oil. 


LUBRICATING GREASE, Patent #2,614,079, R. 
J. Moore, assignor to Shell Development Co. A 
grease composition comprising a major amount 
of a mineral lubricating oil having incorporated 
therein in an amount sufficient to form a grease, 
an anisometric fibrous lithium soap, said fibers 
being a mixture of fine and coarse fibers, re- 
spectively, in the ratio of from 3:1 to 1:3. 


LUBRICATING OIL ADDITIVE MATERIALS, Pat- 
ent 32,614,080, L. M. Welch, assignor to 
Standard Oil Development Co. A _ lubricating 
composition consisting essentially of a major 
proportion of « waxy lubricating oil base hav- 
ing combined therein 0.01% to 10.0% by 











@ Sperm Oil is one of nature’s best anti-rust materials. 
Possessing an unusually high film strength, it coats metal 
surfaces evenly and thoroughly. Furthermore, Sperm Oil 
tends to penetrate into the pores of metals, giving better 
protection and a longer protective life. Heat-treated parts 
that have been quenched in Sperm Oil, for example, can 
be stored for months without showing signs of rust. Stamp- 
ings that have been Sperm Oil dipped or sprayed can also 
be stored for long periods. 


Since Sperm Oil has a negligible free fatty acid content, it 
does not oxidize, harden, or form metallic soaps. As a result, 
“cementing” of stacked sheet or plate can be prevented 
by Sperm Oil coating. 


If the oil you make is used for slushing, cutting, grinding, 
quenching, parting, penetrating or lubricating it will pay to 
investigate the high rust-inhibiting properties of Sperm Oil. 


ARCHER « DANIELS * MIDLAND COMPANY Is 


THE WORLD’S LARGEST PROCESSOR OF SPERM OIL AND 
SPERM OIL PRODUCTS. Samples are available on request. 










RCHER e DANIELS « MIDLAND COMPANY 
Chemical Products Division * 2191 West 110th St Cleveland 2, Ohio 
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ALUMINUM CO. OF AMERICA 
New Kensington, Pa. 
Dr. E. M. Kipp 


BENDIX PRODUCTS DIV., 
BENDIX AVIATION CORP. 

South Bend 20, Ind. 
Mr. D. M. Cleaveland 


BOWSER, INC. 
Fort Wayne 2, Ind. 
Mr. F. S. Ehrman 


CIMCOOL DIV. 
Cincinnati 9, Ohio 
Dr. M. E. Merchant 
CROWN CORK & SEAL CO., INC. 
Eastman Ave. & Kresson St. 
Baltimore 3, Md. 
Mr. W. C. Kesler 


DOW CHEMICAL CO. 
Midland, Mich. 
Mr. E. F. Graves 


1007 Market St. 
Wilmington, Del. 


Mr. J. H. Fuller 
ESSO STANDARD OIL CO. 
15 W. 51st St. 


New York 19, N. Y. 
Mr. C. C. Goehring 


FARVAL CORP. 
3249 E. 80th St. 
Cleveland 4, Ohio 
Mr. G. T. Collatz 


GITS BROS. MFG. CO. 
1846 S. Kilbourn Ave. 
Chicago 23, Ill. 

Mr. R. J. Gits 


HODSON CORP. 
5301-11 West 66th St. 
Chicago 38, Ill. 

Mr. W. H. Hodson 


E. F. HOUGHTON & CO. 
303 W. Lehigh Ave. 
Philadelphia 33, Pa. 

Mr. C. R. Schmitt 


INLAND STEEL CO. 
38 S. Dearborn St. 
Chicago 3, Ill. 

Mr. D. N. Evans 


LINCOLN ENGINEERING CO. 
5701 Natural Bridge Ave. 
St. Louis 20, Mo. 

Mr. A. P. Fox 


LUBRIZOL CORP. 
Box 3057 Euclid Station 
Cleveland 17, Ohio 
Mr. A. O. Willey 


NATIONAL CASH REGISTER CO. 
Dayton 9, Ohio 
Mr. R. F. McKibben 





THE CINCINNATI MILL. MACH. CO. 


E. |. dvPONT deNEMOURS & CO., INC. 


ASLE INDUSTRIAL MEMBERS 


REPUBLIC STEEL CORP. 
Republic Building 
Cleveland, Ohio 

Mr. C. T. Lewis 


SHELL OIL CO., INC. 
50 W. 50th St. 
New York 20, N. Y. 

Mr. B. G. Symon 


SINCLAIR REFINING CO. 
600 Fifth Ave. 
New York 20, N. Y. 
Mr. C. M. Larson 


SOCONY-VACUUM OIL CO., INC. 


26 Broadway 
New York 4, N. Y. 
Mr. G. C. Kellersman 


STANDARD OIL CO. OF CALIF. 
Standard Oil Building 
San Francisco 20, Calif. 
Mr. E. Connelly 


STANDARD OIL OF INDIANA 
910 S. Michigan Ave. 
Chicago 80, Ill. 

Mr. G. T. Dougherty 


STEWART-WARNER CORP. 
1826 Diversey Parkway 
Chicago 14, Ill. 

Mr. E. R. Harris 


SUN OIL CO. 
1608 Walnut St. 
Philadelphia 3, Pa. 
Dr. E. S. Ross 


SWAN-FINCH OIL CORP. 
R.C.A. Building, West 
New York 20, N. Y. 

Mr. R. E .Roehrenbeck 


TEXAS COMPANY 
135 E. 42nd St. 
New York 17, N. Y. 
Mr. F. E. Rosenstiehl 


TIMKEN ROLLER BEARING CO. 
1835 Dueber Ave., S. W. 
Canton 6, Ohio 

Mr. H. T. Peeples 


TRABON ENGINEERING CORP. 
1814 E. 40th St. 
Cleveland 3, Ohio 
Mr. W. Deutsch 


UNITED STATES STEEL CO. 
525 William Penn Pl. 
Pittsburgh 30, Pa. 


WESTINGHOUSE ELECTRIC CORP. 


Research Laboratory 
East Pittsburgh, Pa. 
Dr. H. E. Mahncke 
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weight, based on the weight of the total com- 
position, of an alkylated polystyrene which has 
been prepared by first reacting polystyrene hav- 
ing a molecular weight within a range of from 
10,000 to 70,000 with an approximately equi- 
molar proportion of a linear aliphatic mono- 
olefin having from 12 to 22 carbon atoms in 
the presence of a Friedel-Crafts catlyst and re- 
acting the product thus formed with approxi- 
mately 2 molar proportions based on the poly- 
sterene of a linear aliphatic mono-olefin having 
from 2 to 10 carbon atoms in the presence of a 
Friedel-Crafts catalyst to obtain a final product 
having a molecular weight within a range of 


from 7,000 to 20,000. 


LUBRICATING COMPOSITION CONTAINING 
BORIC ACID, Patent #2,614,985, D. L. Cook, 
assignor to Shell Development Co. A lubricating 
composition comprising at least 90% of a min- 
eral lubricating oil containing dispersed therein 
from about 0.05 to about 2 wt. per cent of boric 
acid. 


GREASES BASED ON FINELY DIVIDED INOR- 
GANIC MATERIAL, Patent #2,614,986, A. Beer- 
bower and A. J. Morway, assignors to Standard 
Oil Development Co. A solid grease composition 
consisting essentially of a mineral base lubri- 
cating oil of 35 to 1000 SSU viscosity at 100° F. 
thickened to a grease consistency with 10 to 
25% by weight of a finely divided inorganic 
material having a bulk density of less than 2 
Ibs./gallon in its normal finely divided dry con- 
dition, said inorganic material being selected 
from the group consisting of magnesium oxide 
and magnesium carbonate. 


GREASE COMPOSITIONS, Patent 2,614,987, 
J. L. Dreher and C. F. Carter, assignors to Cali- 
fornia Research Corp. A grease composition 
consisting essentially of a major portion of a 
lubricating oil, a thickening agent, and from 
about 0.1% to about 5%, by weight, of a 
polyvalent metal dithiocarbamate, and from 
about 0.01% to about 2%, by weight, of a 
dihydroxyanthraquinone. 


HYDROCARBON OILS CONTAINING S-ALKOXY- 
METHYL — 0, 0' — DIALKYLDITHIOPHOSPHATES, 
Patent #£2,614,988, E. O. Hook and P. H. Moss, 
assignors to American Cyanamid Co. A hydro- 
carbon oil composition comprising a major 
amount of a hydrocarbon oil having dissolved 
therein, in a sufficient amount to prevent de- 
terioration by oxidation, a condensation product. 


LUBRICATING COMPOSITION OF MATTER, Pat- 
ent # 2,614,990, D. Harman and R. E. Thorpe, 
assignors to Shell Development Co. A composi- 
tion of matter comprising a major amount of a 
neutral! liquid vehicle and a minor amount suffi- 
cient to impart extreme pressure properties to 
said vehicle of a mixture of phosphorus com- 
pounds. 


STEAM ENGINE LUBRICANTS, Patent #2,614,- 
991, J. 1. Wasson, assignor to Standard Oil 
Development Co. An emulsible, soap-free steam 
cylinder oil composition consisting essentially of 
about 87% by weight of predominantly Mid- 
Continent mineral lubricating oil of about 135 
to 300 SSU viscosity at 210 F., about 10% of a 
resinous propane precipitated Pennsylvania type 
paraffinic petroleum oil residue of substantially 
higher viscosity, and about 3% of tallow. 


Prepared by ANN BURCHICK from Official Ga- 
zette—Vol. 661, No. 4; Vol. 662, Nos. 1, 2, 3, 
4, 5; Vol. 663, Nos. 1, 2, 3. Printed copies of 
patents are available from the Patent Office at 
twenty-five cents each. Address the Commis- 
sioner of Patents, Washington, D.C., for copies 
and for general information concerning patents. 
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HOFFMAN 


oil conditioner 


* Turbine 


Models for 25 to 600 g.p.h. requirements 


Longer life for your oil investment! Without the 
high maintenance cost of centrifuges, the Hoffman Oil 
Conditioner removes both soluble and insoluble impurities 
completely. Models to meet your requirements, from 25 
to 600 g.p.h. Unit consists of Hoffman Cartridge Filter and 
Hoffman Vaporizer... mounted on a common base... may 


be operated separately or together. Only two moving parts. 
Complete with all necessary electric and pipe connections. 


WRITE FOR TECHNICAL BULLETINS NOW 


Gra“ HOFFMAN 


MACHINERY 


CORPORATION 
SYRACUSE 6, N. Y. 
NEWMARKET, ONT 


216 LAMSON STREET, 
CANADIAN PLANT: CANADIAN HOFFMAN MACHINERY CO., LTD 
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Tas nationally known SS 
tanner and manufacturer 
of work shoes and gloves writes us... 


*« ,. You recommended to us 
LUBRIPLATE NO. 100 for lubricating 
the chain drive on our paddle wheels 
which turn the hides immersed in a 
solution in concrete vats. The chain, 
during use, is always soaked. The 
solution is sometimes acid and some- 
times caustic. Up to the time of your 
recommendation, we had not found 
‘any lubricant that would stay on 
the chains for any appreciable time. 


“Heretofore, the average life 


THIS LUBRICANT SAVES 


7 TIMES ITS COST 
IN PRODUCING SHOES! 


of a chain was approximately one. 
year. We have applied LUBRIPLATE 
to these chains every two weeks fo? 
two years. Since then, not one new 
chain has required replacement, and 
they are still going strong. 

“At this time it appears that 
for every dollar we have invested in 
LUBRIPLATE, we have saved seven dol- 
lars in chains with actual savings 
still to come.” 

WOLVERINE SHOE & TANNING CORP,, 
Rockford, Michigan 


You, too, can enjoy the savings made possible with LUBRIPLATE Lu- 
bricants. There is a LUBRIPLATE product for every industry. LUBRI- 
PLATE reduces friction and wear, prevents rust and corrosion and is 
most economical to use. Write today for case histories of savings made 
possible by the use of LUBRIPLATE Lubricants in your industry. 


LUBRIPLATE DIVISION - Fiske Brothers Refining Company 
Newark 5, New Jersey * Toledo 5, Ohio 
DEALERS EVERYWHERE * SEE YOUR CLASSIFIED TELEPHONE BOOK 


LUBRIPLATE the Modern 



















Lubricant 
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ASLE 
MEMBERSHIP 
CLASSIFICATIONS 


Membership in the Society is in sev- 
eral grades as defined below. Assign- 
ment to grade is made by the Ad- 
missions Committee or Board of 
Directors on the basis of information 
submitted or supplied by references. 
MEMBERS: Members shall be: (1) per- 
sons not less than twenty-four years 
in age who are engaged in research 
and instruction at technical schools, 
universities, and various pu’slicly and 
privately supported institutions in the 
field of lubrication; or (2) persons not 
less than twenty-four years in age 
who have occupied recognized po- 
sitions as lubrication engineers for 
a period of three or more (not neces- 
sarily consecutive) years prior to 
date of admission, involving the re- 
sponsibility for or supervision of the 
development, selection, field use 
and application of lubricants as dif- 
ferentiated from other activities; or 
(3) persons not less than twenty-four 
years in age who are indirectly con- 
cerned with the field of lubrication, 
but possessing other qualifications of 
experience, knowledge, and accom- 
plishment, have manifested a partic- 
ular interest in the purposes and wel- 
fare of the Society, to the extent that 
their membership would be a valu- 
able contribution to the successful 
functioning of its activities. Fee $12.50. 


ASSOCIATE MEMBERS: Associate 
Members shall be persons less than 
twenty-four years in age, and those 
who do not completely fulfill the 
membership requirements for Mem- 
bers. Fee $6.25. 


SECTIONAL SUSTAINING MEM- 
BERS: Sectional Sustaining Members 
are such persons or organizations as 
may be interested in and desire to 
contribute to the support of the pur- 
poses and activities of a local Sec- 
tion of the Society. Fee $25.00. 


INDUSTRIAL MEMBERS: Industrial 
Members are such persons or organ- 
izations as may be interested in and 
desire to contribute to supporting the 
purposes and activities of the Society. 
Fee $150.00. 
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ASLE 

COMMITTEES 

TECHNICAL: The General Tech- 
nical Committee works directly 
with industry through the fol- 
lowing specialized committees: 
Lubrication Fundamentals, Lub- 
rication Equipment, Physical 
Properties of Lubricants, Bear- 
ings and Bearing Lubrication, 
Lubricant Reclamation and 
Disposal, Hydraulics and Hy- 
draulic Machinery, Fluids for 
Metal Working. Lubrication, 
Chemical and Research Engi- 
neers in these committees, co- 
operate in developing and 
sponsoring both practical and 
technical papers in the field 
of lubrication engineering. The 
General Technical Committee 
acts as a clearing house for 
lubrication problems submitted 
by industry. It also coordinates 
ASLE activities with other tech- 
nical societies, such as the 
American Society of Mechani- 
cal Engineers, American Stand- 
ards Association, American 
Society of Testing Materials, 
and other important organiza- 


tions. 

















Mazntenance Routine, of Necessity, 
Relies on Proper Records 
and the Human Element 


PLANNED and CONTROLLED 


LUBRICATION is consummated 
without reliance on either 


MAINTENANCE is an intermittent operating function. 
@ Its need is indeterminable. 
@ Its occurrence unpredictable. 


@ Its planning indecisive. 


LUBRICATION is a continuing operating function. 
@ Its need is imperative. 
@ Its occurrence can be predetermined. 


@ Its planning is therefore simple and positive. 


Industrial Lubrication cannot be accomplished with infrequent attention, as is 
customary with Maintenance practices. Practical Lubrication, planned and 
utilizing an application system which provides the necessary characteristics 
of control over type and quantity of lubricant as well as the frequency of 


application, tends to abolish Preventive Maintenance — not perpetuate it! 
Apply the RIGHT LUBRICANT - in the RIGHT QUANTITY ~ at the RIGHT TIME 


LINCOLN ENGINEERING COMPANY 
DESIGNERS ¢ MANUFACTURERS 
LUBRICANT APPLICATION SYSTEMS 
SERVING ALL MAJOR MARKETS 


5743 NATURAL BRIDGE AVENUE 2 SAINT LOUIS 20, MISSOURI 
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ALVANIA 
GREASE 





° ° 
GIVES Aut THESE PLANT SAVINGS: GIVES ALL THESE LUBRICATION ADVANTAGES: 
aa gins ee. — 

1. Extends TIME between greasings—lasts longer... 1. Higher mechanical stability than any conventional 

stays in bearings longer. grease at operating temperatures. 

2. Low-cost application—fewer servicings and only 2. Pumpable at low temperatures —even in unheated 

the one grease to handle. storage. 

3. Simple inventory—Shell Alvania Grease replaces 3. Stable at high temperatures—superior to the best 

up to 20 brands formerly required. “soda”’ greases. 

4. Better protection —against heat, cold and moisture. 4. Impervious to water—excellent resistance to wash- 
ing out. 


5. Greater safety—less chance of applying the wrong 
grease! 5. Longer service life—reduced consumption. 





The “MILLION-STROKE” Industrial Grease! Alvania Grease, on the same tester the run was 


A that will stand 100,000 punishi extended ...200,000 strokes...300,000 strokes 


. . - 500,000 strokes! Finally, at one million 
strokes of the ASTM Work Tester has been : é a : 
considered a superior lubricant. strokes the test was discontinued, because this 


grease would not break down—it was still a fit 
In a deliberate attempt to break down Shell lubricant both in appearance and consistency. 











SHELL OIL COMPANY 
50 West 50 Street, New York 20,N.Y. e 100 Bush Street, San Francisco 6, California 


SHELL ALVANIA... Ze MILLIWN STROKE Grease 
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ASLE 
COMMITTEES 


EDUCATION: Through the So- 
ciety the Education Committee 
sponsors Lubrication Engineer- 
ing Courses in engineering 
schools, and arranges for lub- 
rication training courses and 
forums outside of normal So- 
ciety activities. Since 1951 the 
Society has sponsored Lubrica- 
tion Engineering Summer 
Courses open to industry, at 
Massachusetts Institute of Tech- 
nology, Georgia Institute of 
Technology and other major 
schools of engineering. ASLE 
also co-operated in Lubrication 
Conferences at Purdue Univer- 
sity, and the Case Institute of 
Technology. The Society also 
publishes technical books and 
monographs on lubrication. 

RESEARCH AND PROJECTS: 
The American Society of Lub- 
rication Engineers sponsors, 
with the support of industry, 
research projects which will be 
of benefit to the lubrication 
engineering profession. The 
Research and Projects Com- 
mittee evaluates the need for 
and the scope of such projects 
and makes the necessary work- 
ing arrangements. At present 
a literature survey on bearing 
design and its effect on lubri- 
cation is undertaken by Co- 
lumbia University, New York, 
as an ASLE sponsored research 


project. 
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/ -..and in 
Modern 
Industrial 


Plants 


The picturesque packets that ply the Mississippi . . . like 
steam or Diesel powered boats on rivers, lakes and seas throughout 
the world ... depend on Manzel Force Feed Lubrication for 
protection of vital wearing parts. Manzel Lubricators 
automatically supply just enough oil to each point, insuring 
years of trouble-free service from engines, presses, and 
other heavy machinery. Insist on Manzel Lubrication in your new 
equipment — or install it on your old. For further information 


write Manzel, 273 Babcock Street, Buffalo 10, N. Y. 


/. 





A DIVISION OF FRONTIER INDUSTRIES, INC. 
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ASLE 
TECHNICAL 
LIBRARY 


FUNDAMENTALS 
OF LUBRICATION 


Nine practical articles on the fundamentals of 
lubrication: Manufacture of Lubricating Oil, Lubri- 
catng Grease, Gear Oil Additives, Textile Spin- 
dies and Their Lubrication, Hydraulic Fluids 
Simplified, Oil Lubrication of Machine Tool Spin- 
dies, Dispensing Equipment, Steam Turbine Lubri- 
cation, Filtration of Industrial and Lubricating 
Oils. $1.00 per copy. 


PHYSICAL PROPERTIES 
OF LUBRICANTS 


(Second Edition) 

First in the series of ASLE monographs, covering 
Viscosity, Density and Specific Gravity, Cloud and 
Pour Points, Flash and Fire Points, Carbon Residue, 
Neutralization Number and Interfacial Tension, 
Saponification Number, Emulsification, Specific 
Heat. $1.00 per copy. 


PETROLEUM-TYPE 
HYDRAULIC FLUIDS 


Second in the series of ASLE monographs, cover- 
ing Hydraulic Oil Specifications and Service Prop- 
erties, Viscosity, Viscosity Index, Demulsbility, 
Oxidation Stability, Lubricating Value, Rust and 
Corrosion Preventive Qualities. $1.00 per copy. 


WEAR AND LUBRICATION 
OF PISTON RINGS 
AND CYLINDERS 


By Dr. Reemt Poppinga. A specialized book on 
problems involved in internal combustion engines, 
including Considerations Concerning Wear, The 
investigation of: (1) Material Structure upon Wear, 
(2) the Influence of the Lubricant upon Wear, (3) 
the Influence of Engine Operating Conditions 
upon Lubrication and the Wear of Cylinder and 
Piston Rings. $3.00 per copy to members, $3.50 


per copy to non-members. 
ASLE PUBLICATIONS 
343 S. Dearborn St. 
Chicago 4, Illinois 
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FARVAL— Studies in 
Centralized Lubrication 
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These diagrams illustrate the action of the Farval 
Spray Valve in delivering a measured quantity 
of oil onto epen gearing. One or more spray 
valves can be incorporated readily inte any 
Farval Dualine System. Or spray valves can be 
installed independently, served by their ewn 
Farval manual or automatic central pumping unit. 


FARVAL SPRAY VALVE 


meters lubricants to slide 
surfaces and open gearing 


HE value of controlled spraying of lubricant on 
+ | open gearing, slide surfaces, etc., with the 
Farval Spray Valve is proved by two years’ successful 
experience in hundreds of plants. © 


By an ingenious adaptation of the familiar Farva 
Dualine Valve, either grease or oil is sprayed through 
a nozzle—on any desired area, in any desired amount, 
and at any desired interval. The spray valve unit can 
be added at any point in a regular Farval Dualine 


; System wherever compressed air is available —or a 


complete system, may consist entirely of spray 
valves, served by either manual or automatic central 
pumping unit. f 


Compressed air from the supply line is directed 
through the spray valve, which meters air to the 
delivery nozzle just :as lubricant is metered. By a 
unique arrangement, the lubricant valve also turns 
on and shuts off the air. Thus the quantity of air used 
is limited to the amount needed to spray each delivery 
of oil or grease, without exhausting or reducing 
pressure.. Positive cut-off of lubricant by the Farval 
valve after each delivery eliminates bleeding from 
the nozzle—no waste, no mess, no trouble. 


The Farval Spray Valve has been thoroughly tested 
in service and is now in use on a wide variety of 
machines and equipment. It has demonstrated its 
ability to supply lubricant efficiently and economi- 
‘cally to open gearing, slide surfaces, in fact, wherever 
a standard Farval Dualine closed system is not readily 
adaptable. 


Write for a copy of Farval Spray Valve Bulletin No. 
60 for a full description, with illustrative diagrams 
and installation data. The Farval Corporation, 3267 
East 80th Street, Cleveland 4, Ohio. 


Affiliate of The Cleveland Worm & Gear Company, Industrial 
Worm Gearing. In Canada: Peacock Brothers Limited. 
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HODSON’S 


SPEGIALIZED 


ENGINEERED LUBRICATION 


FOR 4ANDUSTRY 


Shortly after World War |, our late president, Walter D. 
Hodson, conceived the idea of rendering engineered and 
specialized lubrication service to industry where ‘run of 
refinery’’ materials and routine procedures failed to meet 


requirements. 


For more than a third of a century this service has been 


maintained with integrity, soundly based upon improving 





standards of quality in products and service. 





HODSON “FOUR HORSEMEN" LUBRICANTS 
& 


These exclusive products have been developed to meet 
the major lubrication needs of steel mills, rubber plants, 
cement mills, paper mills, brass and copper mills, mines, 
forging shops, machine shops, ore and coal handling 
docks, bridges, printing plants, container and drum plants, 


canning and food processing plants and railroads. 


Hodson ‘Four Horsemen" Lubricants have been originated 





a 
and formulated by lubrication engineers, developments 





resulting from long and varied experience in the mechanics 


of specialized lubrication. 








THE HODSON corporation 


Lubrication Engineers and Manufacturers 


5301-11 West 66th Street, Chicago 38, Illinois 








